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ABSTRACT

So that more precise correlations between full scale observations
and analytical and model results could be carried Out, one of the objec-
tives of the instrumentation program for the SL—7 class container ships
was the provision of instrumental measures of the wave env i ronment.
To this end, two wave meter systems were installe d on the S.S. SEA—LAND
McLEAN . Raw data was collected from both systems during the second
(1973-1974) and third (1974—1975) winter data collecting seasons.\

it was the purpose of the present work to reduce this raw data,
to develop and imp l ement such corrections as were found necessary and
feasible, and to correlate and eval uate the final results from the two
wave meters. in carrying out this work it was necessary to at least
partly reduce several other channels of recorded data, so that, as a
by—product, reduced results were also obtained for midshi p bending
stresses, roll , pitch, and two components of acceleration on th~ ship ’s
bridge. N

—As the work progressed it became evident that the volume of docu-
mentation required would gr~ v beyond the us ual dimensi ons of a s i ngle
technical report. For this reason the ana lyses, the method s, the
deta iled results , disc uss i ons, and conclusions are contained in a series
of ten related reports.

CThe present report is the first in the series, and i nvolves the
in itial stages of the work. Specifically, thi s report documents the
several dec i s i ons and methods thought necessary in convers ion of the
raw data from its orig ina l analog form to d igita l form, the sampli ng
and calibra tion of data from the second (1973—1974) season, and a
sumary of initial results .
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I NTRODUCT I ON

In the ana lysis  of the wave— induced sh ip h u l l  stra i n da ta ob ta i ned
by SSC in the 1 960’s it was necessary to infer the wave env i ronment from
estimated Beaufort wind speeds. An extraord i nary amount of work was
requ i red to develop the inferential techni ques . These techn iques appear
to suff ice for valid predictio n of long—term trends because a great dea l
of averag i ng is carried out. Unfortunatel y when verificat i on of short-
term statistical predictions is des i red, the use of wind as a wave
env i ronment index appears to be less than satisfactory.

As a consequence it was one of the objectives of the SL-7 full-
sca le instrumentation program to provide a direct instrumental measure of
the wave env i ronment so that more precise correlations could be made
between full—sc ale observations , and analyt i ca l and model results .

To this end the ship was fitted with a micro-wave radar relative
wave meter and various motion sens i ng dev i ces. A “Tucker Meter” p ress u re
actuated wave height sens i ng system was also installed .

The purpose of the present project is to reduce and anal yze the
resulting wave meter data obtained on the SEA-LAND McLEAN in the second
(1973—1974) and third (1974—1975) winter record i ng seasons.

The purpose of this report is to document the firs t phase of the
project; that is, the selection of data, its digitization and calibra-
t i on, and results of a firs t pass anal ys i s. References 1 and 2 are the
primary background references for this phase of the work, and a general
familiarity with the measurement program, or w it h these refe rences has
been assumed .

INITIAL DATA TAPE SCREEN ING AND
ANALOG MAGNETIC TAPE REPRODUCTION

The or i g inal record i ngs were made at 0.3 ips in l ow—band FM
(270 Hz center frequency). Playback at Davidson Laboratory (D.L.) was
not possible without modifications to existing machinery wh i ch
requires intermediate band FM tapes. Because the D.L. digitization
process requ ires start ing and stopp ing the tape machinery, there would
exist some danger of accident (tape stretch or breaks) and the consequent
loss of some p ieces of rather expensive data if original tapes were used.

For these reasons the most prudent course of act ion was to dupli-
cate the original tapes in intermediate band FM. This is an operation
in wh i ch starting and stopp ing of tape drives is generally limited to
the leaders and tra i lers and repres ents m i nimal danger to the or i g i nal
da ta.



Dup licating analog tape carries with it the danger of introduc i ng
noise wh ich would be expected to be mostly in the nei ghborhood of 60 Hz
if present. Ideally the dupl icat ing tape speed should be such that
60 Hz at dup licat i ng speed is outside the bandwidth of interes t in rea l
time . The required bandwidth for the present project was estimated to
be 1 .5 Hz (real time) . In order to get 60 Hz noise during dup lication
to appear as a frequency higher than about 1 .5 Hz real time, the dupli-
cation speed needs to be no hig her than 7—1/2 i ps. Sixty Hz noise at
a duplication speed of 60 i ps corresponds to 0.3 Hz real time .

The costs of dupl i cation go down sharpl y as duplicating tape speed
increases . Accord i ng l y, before any final choices were made as to what
tapes to duplicate , how to do it , and how to handle di g itization , some
data fragments at least had to be in hand . For this purpose Tel edyne
Materials Research (TMR) produced a samp le tape which is a partial dup li-
cate in intermediate band FM of Oata Tape 123 from the 73/74 season .
The duplicat i ng tape speed was 60 i ps. One of the channels duplicated
was a multi p lex channel which is essentiall y a step function . Upon p lay-
back at 7.5 i ps at D.L., expanded oscillograp h record i ngs were made and
this channel examined for 7.5 Hz noise which is what 60 Hz p ickup during
the duplicat i ng process should appear as. None was found and it was
concluded that, with reasonable care, tape duplication could be carried
out at the highest and most economical tape speed.

The initial screening of the second (1973—1974) data was done by
TMR. Their results are reproduced as Table I. Prior to Voyage 28E
(11/29— 12/3/73) no radar data (or an insignificant amount) was available.
The Tucker Meter was not operational until Voyage 32E (12/30/72) . From
Voyage 36W onward until loss of the radar during Voyage 37, Tape Recorder
No. 1 was mal—functioning and it appeared prudent not to attempt recovery
of wavemeter data from Recorder No. 2 during this period . Therefore
it appeared best to concentrate upon tapes containing both radar and
Tucker Meter data; that is , the odd numbered tapes from 139 throug h 177,
Table I . This decision eliminated from consideration data from Voyages
28 and 29 East . The tapes thus qualified for consideration cover
9 voyage legs during the period 30 December 1973 to 3 March 1974, a total
of 20 analog tapes were involved, and these were duplicated by TMR. All
thirteen data channels were reproduced aga inst possib le future use,
though onl y seven channels were required for the present work.

I N I T I A L  A NALOG TAPE ANALYSIS

The d~ g it i zat  ion process to be described was started under the
assumption that a gross exam i nation of the contents and nature of the
analog s i gnals would be unnecessary. Some peculiar behavior of the
radar range signa l on the visual si gnal mon i tor and some ind i cations of
hi gher than antici pated voltage l evels necessitated a stop to digitiza-
t ion and the production of “quick look” osci llograph recordings for the
channels of interes t on all 20 magnetic tapes . The so— cal led “quick look”
record is produced by p lay ing the tape at hi gh speed into an oscillograph
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TABLE I

RESULTS OF INITIAL DATA TAPE SCREEN I NG

By Teledyne Materials Research for
SEA—LAND McL EAN, 1973-1974 WI nter Recording Season

Recorder No. 1 No. ~ntervals RecordedVoyage Dates T~pe Numbers Radar Tucker

28E 11 /29 - 12/3/73 121, 123 52, 48

28W 12/6 — 12/ 10/73 125, 127 52, 52
29E 12/11 — 12/15/73 129, 131 52, 48
32E 12/30/73 - 1/4/74 139, 141 64, 60 64, 60

32W 1/8 — 1/14/74 143 , 145, 147 64, 72, 32 64, 72, 32

33E 1/17 — 1/21/74 149, 15 1 64, 52 64, 52
33W 1/23 - 1/27/74 153, 155 61+, 52 64, 52
34E 1/29 - 2/2 157, 159 52, 52 52, 52

34W 2/5 - 2/9 161 , 163 48, 48 48, 48
35E 2/12 - 2/17 165, 167 48, 1+8 52, 56
35W 2/20 - 2/25 169, 171 , 173 56, ‘+6, 36 56, 56, 36
36E 2/27 - 3/3 175, 177 48, 28 48, 28
36W 3/7 — 3/12 179 Recorder prob l ems

37E&W 3/14 — 3/25 Time—shared , recorder prob l ems

38E 3/26 - 3/31 Time—shared , recorder prob lems

running at low speed . The result is a compression of 30 minutes of rea l
time record i ng i nto about 2-1/2 i nches of oscillograph tape. The result-
ing time history is s~ compressed that on ly exceptiona ll y large ind i-
vidua l fluctuations are visible. However, from such records a qu ck
assessment of oscillatory signa l l evel and gross zero stability is possi-
ble, as wel l as an accounting of record i ng intervals.

By roughl y correlating the interval summary in Reference 2 with
the quick look records it appeared that under heavy weather conditions
and some comb i nations of moderate weather and hi gh sh ip speed, the radar
apparent ly lost lock ; with the result that large (physical ly  imposs ible )
changes in the mean radar range s i gna l were visible on a compressed time
scale. When this problem appeared the radar signal might typ ically
oscillate about some mean for a few minutes rea l time, and then j ump to
a new mean up to the equivalent of 25 feet full scale away from the
or iginal. The new mean might persist for the rema i nder of the 1/2 hour
record in g interval or the si gnal mi ght jump twc or three more times to
new and different means. When this occurred, absolutely no ind i cation

3
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of such rad i ca l mot i ons was visi ble in the roll , p i tch or accelerat i on
channels . There was in addition a tendency for the rad ical changes in
radar mean to persist for some t r. e after the heav i est weather. When
any rad i ca l change was observed dur ing a tape, the mean value of the
radar signa l was usuall y different at the end of a tape than at the
beginning . In the longest tape corresponding to relativel y heavy
weather the radar mean appeared suspect in as many as 40 out of 72 half—
hour record i ng intervals . Final ly there were a few instances of no radar
si gna l at all , or obv i ous dropouts during an interval.

The other tape tracks examined included longitud i nal vertica l bend-
ing stress, ro l l , p itch , vertical and horizontal deck house acceleratk~ns,
and the Tucker meter. Qualitativel y, no prob l ems were apparent with these
channels —— apart from a hi gher than expected calibration signa l l evel on
the accelerations , and a half dozen recording intervals (out of more than
a thousand) where extraneous influences such as main power supp l y fluc tua-
tions could be suspected .

The peculiar behavior of the radar was discussed with the designers .
It appears that the signal from the radar as installed durin g the 73/74
season is not the range in the ordinary sense of the mean ing of radar
range. It is the difference in range from some nom i na l initial range
condition . The radar has automatic features wh i ch insure initial signa l
acquisition —- and re-acquisition in case of temporary return si gnal loss .
It appeared likel y that the symptoms observed on the quick look records
might typicall y result from loss of si gnal in a trough (or crest) and
re—acquisition in a crest (or trough) since the original range reference
is los t when re—acquisition takes place.

Conceptuall y, the correction of the radar range for shi p angular
orientat i on is a strai ght-forward vector operation . The above considera-
tions showed that the length of the radar range vector could not be
established solely from the instrumental data. The only reasonable opt i on
appeared to be to assume that: a) the samp le mean of the radar data in
each interva l corresponds to the position of the nominal still water zero
speed waterline of the shi p; b) to correct the instrumental data to this
mean ; and c) to add to the corrected data the distance from radar antenna
to still water as computed from the ship ’s departure drafts . If the samp le
mean is reall y reasonabl y close to the st i l l  water waterline this procedure
mi ght result in total range errors of 2 -. 1~ feet out of 75, since the
corrections are of a cos i ne nature the final results should not be too far
off the mark.

THE INT ERVAL SAMPLING SCHEME

In the 20 tape analog magnetic tape data set covering voyages 32E
through 36E there are a ~otal of 1064 half—hou r recording intervals As
noted in detail in Reference 2, Recorder No. I in which the present data
was obtained , was also the contro l recorder . Recorder No. 1 was run
every time a new set of si gnals was patched into Recorder No. 2, so that

~
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Recorder No. 1 was operating for the f i rs t  two hours out of every four
hour watch . The observational data entered in the TMR leg was up-dated
onl y for each watch, rather than for each interval actuall y recorded on
Recorder No. 1 . The magnitudes of long itud ina l vert ical  bending stress
presented in Reference 2 appea r quite consistent w ,t h i n  each watch .
These considerations suggested that a reasonable interva l sampling pro-
cedure would be to take one interva l from each watch. The entire avail-
able data set corresponds to 266 watches ; or just over forty-four 24 hour
days .

The peculiarities of the radar signa l re—inforced this sampling
i dea . The relatively large scale data reduction process envisioned more
or less prec l uded the idea of spend i ng time sorting out radar intervals
which are bad l y chopped up (by a mechanism not fully understood) just
for the challenge of it. However, it appeared for the most part that
even in heavy weather one radar signal interva l out of the four available
in each watch was f r ee of gross mis—behavior during the record i ng inter-
val —— apart possibly from an apparently constant mean value during the
interval which might be too hi gh or too low.

Accord ingly, the best interva l samp ling policy appeared to be
to take the best looking interval from each watch in accordance with
the analysis of quick—look records. This general approach was app lied
to all 20 tapes and the result was a list of about 215 intervals which
satisfied the following:

a) Regard l ess of any lack of satisfaction of later criteria ,
the interva l was the firs t interva l of a voyage leg in
which all data channels appeared to be funct i on i ng . (The
main purpose in di g itizing intervals of this type regard-
l ess of the gen er a l l y very low level oscillatory si gnals
involved was to obtain calibration si gnals as little as
possible distorted by the actua l si gna l .) It was intended
that most intervals of this type would eventuall y be d is-
carded.

b) The l evel of oscillatory signa l on long itud i na l moment
was apprec i able and the shi p was well out to sea.

c) All data channels appeared to be functioning norma lly and
free of gross analog magnetic tape saturation problems .

d) The interval was one for which a log book sumary and
analysis appears in Reference 2.

e) The radar signal appeared to have constant mean l evel
during the interva l , no obv i ous s i gna l d rop—out, and
in marg i na l cases was at least the best lookIng of the
four intervals available for the watch .

5
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Considering the beg inning—of-voyage intervals slated for discard ,
this sarnp l ing scheme i nvolved 206 or 207 watches, or about 78% of those
ava i lable. A few additional discards from this lis t were antici pated
from mistakes in evaluat i ng quick look data or from blunders during the
digitization . It was assumed that the samp ling scheme would result in
a fina l sample of between 72 and 78% of the watches available . About
half the discards would be from start and end of voyage leg, the other
half a comb i nation of perceived malfunctions of the various si gnals and
various mistakes . The imin advantage of the scheme is that it i nvolves
about an 85% coverage of the available observed conditions for which
the responses were appreciable and the shi p was in unprotected waters .
The main disadvantage is that if the final ana l ysis ind i cated a poor
selection of interva l had been made within a par ticularl y interesting
watch, it would be uneconom i ca l to back up and digitize another interva l .

DIGITIZAT I ON ANALYSIS

Bandw i d th

Di g itization i nvolves sequential samp ling of analog si gnals at
a constant time interval , At. The size of this interva l controls the
bandw i d th of the anal ysis and the size of the resulting time series .

In the present stud y the interes t is in the “ri g id body” motions ;
the movement of the ship as a whole . Wave components which are smaller
than the beam of the shi p cannot be expected to excite the shi p except
poss i bl y in vibration . The SL-7 has a 105 foot beam and it is very
conservative to assume that little or no motions response should be
observed at frequencies which correspond tc waves shorter than 50 feet.

The radar is 70 or 80 feet above mean water and has a specified
beam width of 3.20. On this basis the range is at best the average over
about a 5 foot diameter circle at the water surface . A range reso lution
of about 1 foot is specified . A 20 ft by 2 ft wave is nearl y breaking,
so that it is extremel y unlikel y that any meaning ful radar response at
all can be expected at frequencies corres pondin g to 20 foot and shorter
waves. In fact the lack of resolu tion and the smearing effect of spatial
averag i ng would be expected to introduce si gnificant error up to 1+0 or
50 foot wave lengths .

In the anal yses of Tucker meter outputs from small Weather shi ps
at zero speed, the data for component wave lengths shorter than the shi p
is considered suspect. Spectra l anal yses are not usuall y carried out for
frequencies in excess of that correspondin g to a 50 foot wave l ength
because the pressure fluctuation s induced at the below -surface taps become
too weak for shorter waves and the ma gnitude of the si gna l becomes compa-
rable with the resolution of the recording apparatus . G iven that the SL-7
is nearly an order of ma gnitude larger than the weathershi ps i t  also seems
quite conservative to assume that no significant Tucker meter signal w i l l
correspond to waves shorter than 1+0 or 50 feet.

6
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The basic requirement for di gitization is to determine the band-
width of the analysis . All data are observed ii the encounter freQ uenc y
domain . The l ower end of the anal ysis bandwidth is D.C. A conservative
estimate of the upper end was made by transform i ng wave length into
encounter frequency under the assumptions of full shi p speed and head
seas . (For l ower speeds and other head i ngs the frequenc i es decrease .)
This transformation is shown in Figure 1. The result is that encounter
frequencies corresponding to 1+0 or 50 foot long waves should be less
than 1 .1+ - 1 .7 Hz. According ly the required bandwidth of the ana l ysis
is D.C. to approx i matel y 1 .5 Hz. So long as this bandwidth is main tained
throug hou t the analysis of the various intervals , the resolvable motion
and wave components wi l l  be available. The typ ica l frequencies of si g-
ni ficance in the results of the first season ’s operations and in the
sample tape 123 were seen to be well within the D.C. to 1 .5 Hz range .

Analog Play back Considerations

It happens that the norma l D.L. ana l og tape speed is 7-1/2 i ps.
This is the same tape speed used at TMR for p lay back and results in a
ratio of 25 between p lay back time and rea l time . Another fairl y norma l
procedure at D.L. is to interpo se low pass filters between the si gna l out
of tape and the A/D Multi p lexer . There are available a sufficient number
of matched 6 pole Butterworth filters of L+O Hz cutoff . Using the speed
up ratio of 25, these filters correspond to 1 .6 Hz filters in rea l time .
The amp litude response is p lotted in Fi gure 1.

The norma l D .L. procedures fitted the present requirements fairl y
wel l . Us i ng the ‘+0 Hz filters in p l ay back, frequency components corres-
ponding to wavelengths greater than 70 feet are neg li g ibly influenced by
the filter. At the estimated inherent lower limit of wave length reso-
lution the attenuation is only about 20%. Higher frequencies are rap idl y
attenuated , wh i ch is des i rable , as response components above 2 Hz rea l
time are expected to be extraneous noise insofar as motions and wave
meters are concerned . The first long itud i nal bend i ng frequency would be
resolved however. In the process of play back, use of these filters also
has the advantage that a 60 Hz p ickup or noise introduced by the play back
tape recorder is attenuated about 90% before the A/D converter sees it.

Samp ling Interval

The norma l A/D Multi plex system in use at D.L. allows multi-
channel di gitization at time intervals , At, which are integer multi p les
of 0.002 sec. Accord i ng l y, taking account of the factor of 25 speedup,
the available sampling intervals corres pond to 0.05, 0.1 0, 0.15, 0.20...,
seconds rea l time . The correspond i ng Nyquist frequenc i es are 10, 5,
3.333, 2.5..., Hz (rea l time ). The existing TMR reduction program uses
At 0.1 sec for stress analysis . Accord i ng to Figure 1 this is more
than adequate for mot i ons data . Accord i ng to the previous discussion
about filtering, a time interval of 0.15 sec should be quite adequate
for the motions . Owing to the filterin g, the correspond i ng Nyquist
frequency of 3.333 Hz is sufficientl y high so as to avoid aliasing
(Fi g. 1).
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The main advantage in choosing At = 0.15 rather than 0.10 is in
the 34% reduction of the size of the required dig ita l data storage. The
disadvantage is that typ ical wave components of 0.5 Hz, say are def i ned

• by 13 instead of 20 po i nts.

THE DIGITIZING PROCESS

General ly, the philosop hy of the TMR s in g le channel dig itization
scheme seemed best to follow . In that scheme 20 minutes of each interval
are di g itized and anal yzed. The first two minutes of each 30 minute
record i ng interval provide zero and calibrations , the di g itized data are
essentiall y 20 minutes worth of the remaining 28. For a 20 minute sample
the choice of At = 0.15 sec corresponds to 8000 points per channel per
interval . Considering the potential use of the FF1 a~gor thm ~t appeared
usef~ i to spec i fy that at least 8192 points (213) per channel n ake up the
final samp le (20.5 minute samp les instead of 20 minutes) .

In order to minimize alterations in the existing D.L. dig itizing
system it was decided to start digitizing as near as possible afi~cr the
start of the first minute (full scale) of electrica l zero, and stop only
when the rema i nder of the zero, the calibration si gnals and at l east
8192 points/channel of sample had been obtained . A minor modification to
the 0.1. system was made so that after di g itization was started it would
stop itself after exact l y 9015 scans of the channels had been obtained .
(A “scan” is equivalent to the digitization of all “N” channels speci fit~d
at the hi ghest rate possible . In the pres ent case the d g itizat i on rate
during a scan was nearl y two orders of magnitude faster than the basic
scan-to-scan rate.) The total scan specification of 9015 was for later
conven i ence. Some previously established conventions on the packing
and subsequent handling of t~e multi p lexed data in the genera l case
made it simp le. to throw away (if desired) the first 805 scans containing
the zeros and calibrations . This would l eave 8210 scans of samp le , a few
more than the minimum number specified .

The di gitization start was to be manuall y controlled . Operator
reaction times were such that the dig itizing actuall y started about hal’
way through the electrical zero in the vast majority of intervals. Usin g
the cited values of At and numbers gf scans , and assum i ng the first scan
of the actual samp le to be the 8O6~ , the approximate timing of the
digitized portions of the ori g inal 30 minute interval were as follows :

Start Di g itized Electrica l Zero: .5 ±.2 mir i . after analog interval start

Start Dig itized Calibration 1 .0 *.2 mm . after analog interva l start

End Digitized Calibration 2.0 ±.2 mm . after analog interva l start

Start Di g itized Sample 2.5 ±.2 m m . after analog interval start

End Digitized Samp le 23.0 ±.2 m m . after ana log interva l start

9



The di g itizing process itself was somewhat cumbersome. The size
of the resu l t ing di g i tal  f i l e s , the minimum running t ime of the ana log
tapes (roughl y 20 hours), and the necessity to schedu le the use of the
0.1. PDP—8e computer system meant that the actual di g itization work was
conducted in several sessions. The asoect of the work most prone to
systematic error was the analog si gna l processing. Prior to the start
of the work a Vo i ce annotated tes t tape was made up. The first part of
this tape contained known step vo l tages placed in turn on each of the
7 tape tracks to be. d i gitized . The second part of the tape contained
several runs where sinusoidal voltages of constant amp litude and various
frequencies were placed on all tape tracl~s.

As described , the analoq setup for each diqitiz ng session con-
sisted of interpos i ng a 40 Hz lowpass fi l ter i~ r each channel between the
computer A/D convc~-ter and th ’. Ampex FR1800L tape recorder used for p la y—

• back . A two channel oscilloscope was used for visual monitoring of two
of the filtered outputs . Before cor;rencing work in a session three system
checks were performed . The Hrst was to check the s’,stem voltage cali-
bration for each channel by us i nQ the computcr in an “on— line ” mode to
di g itize and anal yze voltaqes app li ed s hiult~ neously to all filter i nputs
(tape recorder d c .’ nnected) . T h s  operation was to insure that the D.C.
na in and offset ~ f the filters was nominal . The next operation i nvolved
c o n n ec t i n q  the tape recorder , and us i ng ihe computer ~o di g itize and
anal yze thc flr ct part of the tes t tape. The result of this operation
was essentiall y a verification by the computer that no blunders had been

F made in analog wirin o or in instructing the computer as to which seven
of its 3’: input channels to cu’is~ der .

The last checking operat on was to use the computer in a third
on- l ine anal y s i s  mode t c~ di g itize and anal yze th e second part of the test
tape . In this case ~ peak—to-peak ana l ysis of the sinusoidal si gnals on
all 7 channels was made for various frequencies . The results verified
that the filter frequency response for each channel was nominal and had
not changed from session to session .

Most of the activity ~u r ing actua l dig it i z i n g  i nvo l ved keep ing
t rack of which tape interva l s to di g itize in accordance with the list
r e su l t i ng  from the samplin g scheme. Since the tapes contain no annota-
tion of any kind , it was necessary to keep ~ r u n n i n g  account of tape
footage corresponding to the actt al end of each dig itized samp le or
what would have been the end had the interval been di gitiz ed . Fortu-
nate l y, the TMR programer was quite reliable in providing constant
lengths of tape for each record i ng interval . When an interval was to be
dig itized the tape was started prior to the electrica l zero portion , and
the computer was manuall y started as soon a~ the visuall y monitored
signals quieted and returned to the nominal zero position . After the
di gitization of the interval was finished the tape was stopped , a unique
run number was furnished the computer , and the di g itized run was stored
with its identification and the appropriate computer setup documentation
in a file on one of the PDP-8e disk packs . At this stage the data
obtained for each interval for the 7 channels consisted of 63105 12 bit
computer words ifl order di g itized ; that is , an array in which the data
for channel J occup ies the (Jth) , (J+7)th , (J-i-l4) th , etc. positions in
the ar~a”.

10
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The files resulting from each digitizing session were loaded into
DEC tapes (a form of di g ital magnetic tape peculiar to Di g ital Equi pment
Corporation Computer systems). These were ultimatel y transported to the
Stevens Institut e PDP-IO Computer Facility where the tapes were read ,
the files were converted from PDP—8e standard format to a forma t readable
by the POP-jO and finally the files were written on 9 track dig ita l mag-
netic tape. At this stage the 63000 integers defining the interva l
rema i ned in the ori ginal order but were packed 3 12 bit numbers to each
36 bit PDP-lO word, and the entire array was organized into blocks con-
forming to the existing standards for the D.L. di g itization system .

ASSEMBLY OF OTHER PARAMETERS

The raw di g itization files contained littl e  more information than
the ori ginal magnetic tape. Quite a number of other p ieces of information
were needed for analysis and for correlation .

All the readil y available information about the genera l circum-
stances associated with each tape and interva l is contained in the
Appendix of Reference 2. This Appendi x is a tabulation from the TMR log-
books of time , shi ps position , speed, draft , visual observations of

F weather and wave conditions , general comments, and the results of the
TMR analysis of midshi p vertica l bend i ng stress. All of the data sumar-
ized by TMR for the particular intervals which had been digitized was key
punched , reformatted sli ghtl y and stored on digita l tape so as to be
accessible by the Stevens PDP-lO system . In the present case, one item
in the TMR summary (estimated wave length) had never been filled in , and
was therefore omitted .

Table II contains a track description for Tapes 139 through 173,
and the va l ues and senses of the TMR calibrat i on si gnals . The corres-
ponding track descri ption for Tapes 175 and 177 iS the same except that
the forward deckhouse accelerometer package (Tracks 6,7) was omitted and
a like pair of accelerometers located in the radar pedestal were substi-
tuted . The values of calibrat i on si gnals and their senses were established
in conferences with both TMR and NRL, the des i gners of the radar .

It was decided to di gitize long itud i na l vertical bend i ng stress
(Track 1) as a control channel and for possible use in a later phase of
the prog ram . In addition to the radar output , roll , p itch and the outputs
of the accelerometer package nearest the radar were di g itized (Tracks 3,
4,5,6,7). The seventh track digitized was the Tucker Meter .

The values of the calibration signals are used directl y in the
calibration of the data. Two sign i nversions were necessary. Positiv e
roll s tarboard s i de down, positive p itch bow up, and positive vertical
accelerat i on in a sense opposite to the gravity si gna l from the accele-
rometer all suit a coordinate system in which the x axis is positive
forwar d, the y axis is positive to star board and the z axis is positive
downward . In this coord i nate system positive transverse accelerat i on is

11
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an acceleration to starboard so that the sign of the calibration signa l
was reversed for Track 7, the transverse accelerometer. In a prel iminary
development of the corrections to radar range, the range itself was con-
s i dered positive , so that the si gn of the radar calibration signa l needed
to be reversed also.

For the radar range corrections the relative position of acceler-
ometer package and radar antenna need to be established . From the
positions of the transducers g iven in Reference 2, shi p ’s p la ns and radar
pedestal drawings , the radar antenna was found to be 13.8 feet aft, 46 .5
feet to starboard , and 2.25 feet below the forward deckhouse accelerometer
package. These va l ues hold for voyages 32 through 35 (Tapes 139— 1 73) .
In voyage 36E the correspond i ng values are zero because of the shift in
locat i on of accelerometer package to the radar.

According to the radar log the radar was aimed relative to ship
coord inates at an az imuth of 900 and depression from horizontal of 740 ;

that is , the radar was oriented in a plane norma l to the shi p centerline ,
pointing down and slig h t l y to starboa rd .

The nomina l distance of the radar above the departure waterline was
established with recorded departure drafts furnished by the owners . The
vertical position of radar antenna above base line was computed from p la ns
to be 106.5 feet , its longitud ina l posit ion 123 feet aft of FP. The
departure drafts and the result of the computation of initial vertica l
pC. sit ion of the radar are given in Table II I .

TABLE III

Departure Drafts Vertical Position
Voyage Fwd . Aft or Radar above WI

(feet and inches) (feet)

32E 33—8 34-4 72.7

32W 31 .4 32-4 75.0

33E 32—9 35—3 73.4

33W 34—9 35—9 71 .6
3L+E 34-0 34-2 72.5
34W 31—8 32—10 74.7

35E 31—8 34—8 74.4

35W 33—2 34—6 73.2

36E 35—0 35—5 71.4
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FIRST ANALYSIS OF DIGITIZED RESULTS

Content

The f i r s t  ana lys i s  of the di gitized results had the objectives of
completing the cal ibrat ion, developing a few simp le indices of the con-
tent of the samp le, and a genera l check on the results of the di g itizing
process. As noted in a prev i ous section , the first 805 scans of each
digitized interva l were to contain electrica l zero and the TMR step cali-
brat ions, and an 8200 scan sample followed .

The first step in analysis of the first 805 scans was to establish
for each data channel the scan numbers correspond i ng to the mid -point of
the 10 square wave si gnals produced by the TMR programmer . Th is was
accomplished by a simp le time correlation procedure which used the known
nom i nal durations of the square waves, and the magnitude and sense of
the swing . Once the position of the square waves was established , the
nom i nal end of the electrical zero could be established and the di gitized
data could be averaged in the app licable groups of scans to produce an
average representing electrical zero, averages represent i ng the value of
the cal step, and averages of the signal in between the cal step. To
avoid the trans i ent response of the data filters onl y the middle half of
each step was averaged. Because the TMR reduction procedure includes the
computation of the mean of the firs t 4 minutes of data after the calibra-
tion this s

h
a l o  incorporated , the average extending as far as necessary

F past the 8O5~ scan of the interval .

Four numbers were also extracted from the actual sample for each
channel of each interval. These numbers were ; I) the larges t digitized
number in the samp le time series ; 2) the smallest; 3) the samp le mean ,
and 4) the sample rms .

The results of these operations were listed for visual inspection .

Values of the Calibration Steps

All the calibration square waves are supposed to be i mposed at the
same time. In the vast majority of cases the calibration algori ghm m di-
cated cal steps at the same times and of constant magnitude for radar ,
p itch , and the two accelerations , but often si gnificantl y different times
and erratic magnitudes for vertical bend i ng stres s, roll and the Tucker
meter. Consultat ion of the quick look osci l lograp h records and some
expanded records showed that the programmer switches were not always
function i ng for the Tucker, the magnitude of swing for roll was marg in-
all y too sma l l , and the si gnal level on long itud i nal bend i ng stress was
often too hi gh relative to the cal step for the present simp l e al gorithm .
A re-run of the calibration was made in which the position of the cal
steps on all channels was determin ed by the position detected for the
transverse acceleration channel . The result was cal step magnitudes of
reasonable constancy and these were used for the final ca librations.
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Before ind i cating the calibration results for the various channels
the various sensitivities of the elements of the di g itization process
should be noted. The nom i na l voltage sensitivity of the reproduce elec-
tronics in the analog tape recorder is 1 .411+ volts output for a 40% of
center-frequency frequency deviation on the FM tape. The D.C. ga in of
the filters is unity ~ .5%. The computer was set to resolve 2— 1 /2 volts
input into 1 024 parts. The net sensitivity from magnetic tape output
throug h f i 1~ er and computer AID was nearly nomina l , rang i ng from 410 to
1+12 cu/volt’ depend i ng on the channel . In round numbers , 1+11 cu ind i cated
by the computer correspond ed to 1 volt out of the tape recorder or a 28.2%
frequency deviation on the tape.

The calibration steps are superimposed upon the signal for the
longitud i nal bend i ng stress channel . As described in the TMR reports,
the average of the 10 cal steps and the average of the nine p i eces of
si gnal between the cal steps is computed . The ind i cated cal step for each
interva l is the average of the cal steps minus the average of the inter-
mediate p ieces of si gnal . These average indicated steps were computed and
listed for all the digitized intervals . Because the si gnal is mixed up
with the calibration step in this channel , the typical interva l to inter-
val scatter in what should be a constant is often 15%. However the average
result at beginning and end of voyages correlated within about ± 1% over
the ent i re two month per i od of the data set, It was conclud ed best not
to believe the indicated fluctuat i ons and a final cal step of + 1+18 cu
was used for all tapes all voyages . This corresponds to a positive
1 .02 volt step or a 28.8% deviation , both figures nearl y exactl y the
val ues set up by ThR.

In the radar calibrations the 10 square waves are i mposed with
reference to electrical zero and the signa l is suppressed while the step
is imposed . The indicated cal step is thus the average of the 10 ind i-
vidua l steps minus electrical zero. This calibration was except i onally
stead y from interval to interval and tape to tape, the typ ica l variation
being less than 1 /2%. In this case the cal step was again taken as con-
stant over all voyages, all tap~s and equal to + 568 Cu. This is equiv-
alent to + 1 .38 volts or a 39~’. deviation , and is 38% too high relative
to the values wh ich were suoposed to have been setup.

The cal steps applied to the rol l and p itch tracks were similar to
that for the radar. The si gnal is suppressed while the steps are on, and
the reference for the si gnal is electrica l zero. Again the ind i cated
average cal step is the average of the 10 individual steps minus elec-
trical zero. In the first flve tapes (Voyages 32E and W) the indicated
cal steps were quite stead y from interva l to interva l , the variat i on
bein a typicall y less than 1%. The magnitudes determ i ned for roll was
222 cu (.54 vol ts, 15% deviation) and for p itch was 450 cu (1.09 volts ,
31% deviation) . These results are very clos e to the values expected on

*The abbreviation “Cu” s tands for computer un it s; that iS , roug hly
1 /411 volts into the A/D.
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the basis of TMR setup records . For the remaining 15 tapes (Voyage 33E
onward) considerable interva l to interva l fluctuations were noted even
though the values of the individua l steps app lied within each interval
were quite constant. The ratio of the rol l and pitch calibration steps
was constant however. It turned out that both transducers and the cali-
bration signal circuit were fed from the same power supp l y and troubles
with drooping voltage from this power supp l y were experienced during the
period of time in  question . The best course of action was therefore to
believe the cal steps derived from the digitization of each interval from
Voyage 33E onward . The values ranged from nomina l to 70% of nomina l , and
this variation was conf i rmed by the analog quick look records .

The cal steps app lied to the acceleration channels were effectivel y
superimposed on the mean signal l evel , though the si gna l was suppressed .
Accord i ng l y, the average cal step was derived by averag ing the 10 ind i-
vidua l steps from each interva l and subtracting from this result the mean
of the first 4 minutes of si gnal wh i ch was felt to be a sli ghtl y better
estimator of the mean si gnal level during the calibration tisan the short
pieces of si gnal between cal steps . The stability of these results from
interval to interva l was very good. The cal step for transverse accel-
eration appeared to be + 550 cu ± 1% for all tapes (+ 1.34 volts , 38%
deviat i on). The step for vertica l acceleration scattered less than 1%
within any voyage leg but was set at slig htly different l evels for each
voyage leg, these varying from + 1135 cu to + 1153 cu (2.78 to 2.81 volts ,
approximatel y a 79% deviation) .

The step for the transverse acceleration is about 314% higher than
the l evel expected, and that for the vertica l acceleration is 280% of the
level expected . The mean of the vertica l accelerat i on was supposed to be
biased negativel y (to simulate gravity) approx i matel y 0.5 volts (-14%
deviat i on). On the tapes in hand it was biased negativel y approx i matel y
1 ,3 volts (—35% deviat i on) and thus the positive 2.8 volt swing just about
stays inside the nominal tape deviation ratin g .

The average Tucker meter cal step was computed in the same way as
for the accelerations , During Voyage 32E and W (Tapes 139—147) the cali-
bration for the Tucker meter was m issing in most intervals . Those solid
calibrations present ind i cated a cal step of + 1+00 cu (0.97 volts , 27%
dev i ation) . This is in agreement w ith nom i na l values used in original
setup. During Voyage 33E the cal step suddenl y dropped 30% from nom i nal
3/1+ of the way through the voyage. During Voyage 33W and 31+E the step
was nominal with interval -to-interva l fluctuations of 1 or 2%. During
Voyage 34W the step was consistent l y 6% below nominal w i th  ± 2% varia-
tions . F nally in the last three voyage l egs (35E to 36E) the cal step
was 60% of nominal with onl y ± 1% fluctuations . Most of these variat i ons
appear to be matters of periodic gain readjustment prior to the start of
a voyage leg, though th is  could not be confirmed . It was decided to use
the individual cal steps computed for Voyage 33 East onward and the esti-
mated value quoted above for Voyages 32E and 32W.

All of the final decisions were i ncorporated in a computer access-
ible file so that the correc t cal step value could be associated with
each channel of each interval .

16



The unsolved problem of the calibration exercise is ~hy the cal
levels on the radar , the accelerations , and on the Tucker meter during
3 voyage legs, are not as expec ted . One dup licate magnetic tape was
retu rned to Teled yne for verification that it and the master tape were
r e a l l y  the same. The conclus i on from that exercise was that the dup li-
cate analog tapes are reall y duplicates . In four of the seven channels
(includ i ng three with hi gher than expected ga i n) the gain stab ility
appears exceptionally good, considering that the ori g ina l calibration
si gnals have had the opportunity of being degraded by three separate
recording/play back operations i nvolving four separate tape recorders
and probably at least as many separate p i eces of analog hardware.

Zero Stability and Saturation

Enough data from the first pass analysis w~s available to check
if the dig itization had been started correctl y during the electrical
zero for each interval. The ind i cations were that it had been in all
but 3 intervals, These were discarded as far as subsequent anal ys i s was
concerned.

In princi p le, the average value for the di gitized electrical zero
for each interva l is the reference level for that interva l , irres pective
of its deviation from zero volts input measured at the computer A/D inter-
face . However , the magnitude of the offset of the tape electrica l zero
is an ind i cator of bias or zero stability of the ent i re system , includ i ng
original si gnals and tape deck, and that of all the subsequent analog
processing equi pment. An exam i nation of the di g itized electrica l zeros
disclosed no large systematic variations with analog tape or with voyage,
except in the cases where the programmer switch for the Tucker meter was
known not to be operating properl y. The genera l zero stability of the
whole process is perhaps best judged by the zero stability for the roll
and pitch channels. Electrical zero in these channels corresponds to
a center tap on the potent i ometric transducers rather than to the open
circuited tape deck i nput utilized to create a zero on some other channels .
In the case of roll and p itch the average offset throug hout the data set
for roll was about 70 my with what appeared to be random fluctuat ions of
± 35 my. The correspondina numbers for p itch are 100 my and ± 35 my .
The typ ical mean electrica l offset on other channels was not far differ-
ent. A mean offset of 70 to 100 m v  represents 5 to 7% of nominal full
scale for the p lay back recorder. Absolute tape speed errors in the four
recorders in the process could conceivabl y add up to this offset magni-
tude, to say nothing of small offsets in other analog components of the
system. The fluctuations in offset of the pitch and roll channels amount
to ± 2-1/2% of nominal full scale of the p lay back recorder. Thi s , too
could have been inj ected by the sum of absolute tape speed errors of
ori g inal and fina l p lay back recorders . Overall , the apparent e lc ct ri c ai
offsets of the orig inal electrical zero appear at l east as small as could
have been expected.

The final check on the validity of the dig itized intervals ~~ for
saturat ion. As far as the d i q ital part of the process is concerned al l
si gnals levels within ± 2—1/2 volts were resolved , si gnals outs i-3 e this
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range appea r di g itized as the maximum possible number (± 1 023 cc). The
filters interposed between tape deck and computer have a ± 10 volt linea r
range. The tape machine used in p lay back has a nom i nal minimum linear
reproduce electronics output range of ± 1.1414 vol ts . In the present case
the reproduce electron i cs are acceptabl y linear to ± 1 .75 volts (50%
si gnal deviation) . Their output deviates progressively more from
linearity as output voltage increases beyond 1 .75 volts to some fi gure
above 2 volts where the FM demodulator goes mad and produces wild fluc-
tuations of output si gna l .

Saturation is thus controlled by the analog tape p lay back machine .
In the present case a di gitized number corres ponding to less than 1.75
vo l ts was conside red unsaturated . Results between 1 .75 and 2.0 or 2.1
volts were considered questionable . Digitized results of 1 023 Cu or
—1023 cu were almos t certainly a result of over saturation of the tape.

The extremes of the digitized samples were viewed with these
criteria . In one or two instances there appea red to be excessive tape
saturation and these intervals were disregarded in subsequent ana l ysis.
After these discards and the others noted previousl y the data set had
contracted from around 215 to 198 intervals . Of these, there are 24
intervals where some question exists , Table IV summarizes the results
of the examination of the data for saturation . There were 174 intervals
in the set where the extremes in the sample lay in the ± 1.75 volt range.

The radar channel was somewhat prone to saturation , since when the
oscillatory component of range was large, the mean sometimes shifted
sufficiently away from zero that the larges t oscillatory fluctuations
then saturated the tape. Remaining in the data set are a total of seven
intervals where the magnitude of extreme output voltage from the radar
channel was between 1 .75 and 2.1 V. The fact that one isolated extreme
is in the non—linea r range of tape reproduce electronics does not neces-
saril y mean that the interval is useles s, and the seven intervals were
retained on this basis ,

he vertical acceleration channel was somewhat more prone to satu-
ration than the radar channel , there being 20 ins tances in Table IV where
the magnitude of the extreme output voltage from the vertica l acceleration
channel was between 1 .75 and 2 .1 V . These intervals were retained on the
same basis as in the case of the questiona ble radar intervals . The problem
with the vertical acceleration channel is the excessive bias noted in the
calibration ana l ysis . The gain for the oscillatory components is not
excessive. However a bias of — 1 ,3 volts means that when si gnificant oscil-
latory accelerations occur , the extremes will  almost certainl y exceed the
nominal minimum linear range and occas i onally the practica l linear range.

Two instances i nvolving long itud i nal bending stres s are noted in
Table IV . One is merel y a questionable isolated extreme and the other is
almos t certainly a case of over saturation .

As imp lied by Tabl e I V , no obv i ous saturation problems were noted
for channels not ment ioned .
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TABLE I V

SUMMARY OF EXAMIN AT I O N FOR SATURATIO N
OF D I G I T I Z E D  INTERVALS

Voyage Tape Interval Channels with Saturated Extremes (Magnitude in Volts)

32E 1 39, 141 ALL None
32W 143 58 Radar (1 .8)

1143 60 Vertica l Acceleration (1.8)
145 1 Radar (2.0), Vert i cal Ac celeration (1 ,8)
145 9 Vertical Acceleration (2.1)
11+5 13 V e r t i c a l  Acce le ra t ion  (1.9)
11+5 2) Radar (2.0)
11+5 25 Radar (1 .9), Vertical Acceleration (1 .9)

29 Vertica l Acceleration (1.9)
11 +5 37 Radar (1 .9) , Vertica l Acceleration (i .e)
145 61 Vertical Acceleration (1.8)
11+7 ALL No,ie

33E 1 149, 15 1 ALL None
33W 153 15 Vertical Acce ler~ t ion (1.3)

153 61 Vertical ~cc~ lerat ion (2.0)
155 ALL None

31+E 157, 159 ALL None
314W ibl 17 Radar (2.’) ,  V~ rt i ca 1 Acceleration (1 .9)

1(3 5 Ver tica Ac~~ 1eration (1 .9)
163 9 Vert~ ca1 Acceleration (1 .9)
U3 33 Vertica l Acceleration (1 .9)

35E ft~5 37 V ertical Accele ration (1.8)
165 1+2 Vertical Acceleration (1 .8)
167 ALL None

35W 169 ALL None
171 5 Vertical Acceleration (1 .8)
171 13 Radar ((.9), Vertic a l Acceleration (1 .9)
171 21 Verti c-jI Acceleration (2.0), Long itud i na l Stress (1 .9)
171 1+3 V e r t i c a l  Acce lera t ion  (1 .9)
171 56 Vertical Acceleration (1 .9)
173 ALL None

36E 1 75 L~5 Long itud i na l Stres s (over saturated)
(77 ALL None
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F An additional check on the validity of the data was made b 1 for- i-
ing the ratio of the range of sample extremes (largest - smallest) to the
computed rms . If the statistics of the maxima of the processes i nvolved
f o l l o w  the Ra y leig h distribution (as dictated by custom and conventional
wisdom) thi s ratio should lie between 5 and 8 in 90% of all samp 1.~ of
100 or 200 maxima . Excluding the over saturated stress (tape 175
Table IV) i n  the 198 intervals finally qualified this ratio ranged from
4,5 to about 1 1 , depending on channel. Table V summarizes for each
channel the percentage of intervals in which the ratio of range to rms
lay outside the 5 to 8 acceptance range. The results look fairl y con-
sistent with the statistica l assumptions . Failure of this test did not
correlate with the instances of questionable extremes in Table IV .

TABLE V

SUMMARY OF I N C I D E N C E  OF FA I LURE
OF RANGE /RMS TEST

Percent of Intervals in wh i ch
ratio of range to rms was out-

Channel side range between 5 and 8

Long i tudinal Vertical Bend i ng Stres s 15%

Radar 10%

Rol l 5—l /2%

P itch 14%

Vertical Acceleration 6%
Transverse Acceleration 6%

Tucker Meter

SUMMARY OF D I G I T I Z E D  I NTERVALS

TMR Log-book Data

The last stage of the samp ling and digitization phase of the
proj ect was to gather together the various parameters and scale up som e
pert nent results from the di g itizat i on . The product of this operation
was the nine tables appended ; these are intended to serve as a listin g of
wh i ch intervals of those di g itized were to be considered in subsequent
ana l yses , as well as a summar y of the curround i ng circumstances and of
the raw di g itized si gna l magnitudes . Each table pertains to one of the
nine voyage legs , and is divided into four parts (a throug h d).

Parts a and b of each table contain the log—book data extracted
from Reference 2. With the exception of the first col umn of each page,
the meaning of each entry is that establ ished by TMR. The first col umn
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is the run number assigned to each interval durin g the digitization at
D.L. This number is retained for identification in subsequent parts of
the table.

Com parison of TJ’iR and Raw D .L. Results for Longitud i nal Stress

Part c of each table is a comparison of results from the present
digitizat i on with that at TMR. Five columns are stress results obtained
at TMR, cop ied from Reference 2. Stresses are presented in thousands of
pounds per square i nch . The columns marked 6 through 8 are from the
present di g i t izat ion. The probable resolution of the analog tape recorder
is ± 1% of full scale . This , accord ing to the values of cal steps
established previous l y, corresponds roughl y to ±0.1 kpsi so that the two
decima ’ places shown for stresses are optimistic .

Though it was not w i th in  the obj ectives of the present work to
produce anything having to do with recorded midship bend i ng stress, it
was felt prudent to digitize this channel and make rud i mentary compari-
sons with the results obtained by TMR. The main reason for this decision
was to increase the credibility of the data processing methods described
in this report. If the present results and those of TMR, Reference 2,
were to diverge by unreasonably large margins , systematic errors in the
present proces s would be suspected to ex is t  in the data channels of
primary interest as well as the midshi p bend i ng stress channel.

Unfortunatel y the quantit ies compared in part c of the tables are
in a strict sense, different things . This comes about because the two
data reduction procedures are different and because the portions of the
data interval actually analyzed was slig htl y different , Fi gure 2 illus-
trates some of the differences . The top sketch represents the comb i ned
vibratory and wave induced stress actually recorded. In the present
analysis the largest and smalles t comb i ned stress were extracted . Sub-
traction of the two yields “range of recorded extremes” as noted in the
figure , and recorded in column 6 of the tables . This number is compar-
able in princip le to that produced by a mechanical scratch gage. The
larges t and smalles t instantaneous stress are not necessarily assoc i ated
except that they were observed in the same 20.5 minute sample. The second
item obtained in the present analysis was the process rms , which is the
square root of the mean squared deviation from the samp le mean for the
entire time history anal yzed . The numbers produced by the TMR ana l ysis
were derived after two filtering operations separated “wave induced
stress” and “vibratory stress.” Sketches of the result of this operation
upon the raw stresses are indicated in Fi gure 2. The TMR analysis pro-
duced onl y one number from the vibratory part of the stress, “the max i-
mum first mode stress.” As noted in Fi gure 2 this is jus t the larges t
double amnp iitude of vibrat i on in the record. (I t should be noted also
that the TMR ana l ysis recorded zero vibratory stress if the max i mum
vibration double amplitude was less than 0.1+ to 0.6 kpsi .) With respect
to the “wave induced stress ” the basic TMR anal y s i s  is a “peak to t rough”
ana lys i s ;  that is , a series of numbers represent i ng the swing in stress
(double amplitude) from each positive maximum to the succeeding negative
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minimum (the zero crossing convent i on is emp loyed) . A computation of the
root mean square of this series of double amp litudes y ields the number
g iven in col umn 1+ of the part c tab l es. Final l y, the larges t wave induced
double amp litude is extracted and this number appears in column 3 of the
table.

Now considering a comparison of the present “range of recorded
extremes” with the TMR results it should first be noted that the “range
of recorded extremes” could be exactly equal to the maximum peak-troug h
wav e induced moment or pract i cally equa l to the sum of maximum wave
induced and maximum vibratory double amp litudes . Given the non—idea l
characteristics of rea l data (the sketches in Figure 2 are fairl y real—
l isti c ) the above is most unlikely. Thus, as far as correlat ions w i t h
the TMR results are concerned , the present range of recorded extremes
would be expected to be larger than the maximum peak to t rough bend i ng
stress found by TMR ; and quite possibl y smaller than the sum of the TMR
maximum peak to trough bend i ng stress and the TMR max i mum first mode
stress. At the rig ht of the table the ratios of the correspond i ng
columns are formed . The ratio of range to max i mum peak to trough (6/3)
averaged over all 198 intervals is 1.31+, a reasonable result . The
correspond i ng average ratio of range to sum of maximum bend i ng and
max i mum burst (6/3+5) is 1 .12, hig her than was initiall y thoug ht. If
intervals in which the maximum burs t stres s is shown as zero are elim-
inated, this average is 1.04. It may be noted that tape over saturat i on
(Table XIV c , Run 1 945) produces quite unrealistic looking ratios . The
TMR ana l ysis may well not have included whatever produced the satura-
tion in the pres ent analysis.

Column 7 in the “c” part of the tables is 2/2 times the sca l ed
up stress process rms. This estimate should compare with the value g i ven
by TMR for  “rms P to T stres s,” accord i ng to the Raylei gh assumption in
common use. How wel l these latter two estimates compare is indicated by
the ratio of co l umn 7 to 1+ shown at the right of the table. The mean
value of this ratio is 1. 18 over all 198 intervals . Since the D.L. d i g-
itization produces an rms which includ es the effect of long itud i na l first
mode vibration and the TMR results should not be inclusive of vibrat i on,
this appeared to be a reasonable result. Casual examination of the ratio
of co l umn 7 to 14 indicates that the estimates are often closer together
when the si gnal magnitude is large. However no ~urtber quantitative
correlations were attempted .

Co l umn 8 of part “c” of the tables is the sca l ed difference of
the sample mean of the interva l noted , from the sample mean of the first
interva~ di g itized in each voyage leg . This qua ntity should reflect the
effects of ballast changes during the voyage. Direct correlation with
results produced by TMR was not possible within the scope of information
ava ilable for th~s project.

Given the present state of knowle.lge about how the extremes of
vibratory and wave induced stress ought to combine , and the extent to
which the Ray lei gh assumption is generally valid for wave induced stress ,
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there seemed about as much change of the expectations be i ng wrong as
the various ana l yses. In any event, the comparisons of the two differ-
ent sets of results imp lied that no gross systematic problem s were
present in the present data reduction scheme.

Magnitude of Radar , Motion and Tucker Meter Signals

Part d of the tables i nvolves scaled up ind i ces of the magnitude
of radar , ro l l , p itch , vertical and transverse acceleration , and Tucker
meter signals . The first index in each case is 14.0 x the rms . This is
a convent i ona l approach to the significant double amp litude (or the
average of the 1/3 hi ghes t double amp litudes) .

The second and third ind i ces are the positive and negative extre~~s
for each channel. The extremes observed for roll and pitch were corrected
for electrical zero on tape before scaling . The extremes for all other
items were corrected to the samp le mean before scaling. As a consequence,
shifts in the mean of the radar are washed out , and the one “g” bias in
vert i ca l acceleration disappears . The extreme values shown are reason-
abl y symetrical , and, as was pointed Out in a previous section, bear a
believable relationshi p to the rms va ’ue.

All of the scaled up values in the part d tables appear phys i call y
possible . The magnitude of pitch seems quite reasonable . That for verti-
cal acceleration is hi gh, but the effects of vibration are inc l uded . Roll
magnitudes seem hi gh in general , and since the transverse acceleration
magnitudes include a substantial gravity component due to roll angle, the
magnitude of this channel follows that of roll. In genera l the magnitude
of the radar signal appears prop ortionall y about as much hi gher than the
visuall y observed wave and swell hei ght as the Tucker meter si gna l appears
l ower. It should be emphasized that neither radar or Tucker signals have
been corrected for anything . The radar channel in particular appears to
be significantly affected by roIl .

The resolution of each channel on the basis of ± 1% of nominal
full scale of the tape recorder is approx i matel y as follows :

Radar ± 0.5 ft

Roll ± 0.25 degree

Pitch ± 0.12 degree

Accelerations ± 0.01 g

Tucker Meter ± 0.2 ft

Thus the majority of the data in the part “d” tables appears to be sub-
stantially above the noise level .
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.4’ , I. 151,, ,’ . ’ ,‘. ( N  10 1 5 , . ” I’ 4 1 0  ( I I I  I’

. 4 -  4. I S’ ’S’ .’S I ~.‘ .0 Ii l A l l ’  Ii .300 F I I i  Ilk /

_ _



TABLE VI(c)

1.:(.)NF’ARI SON OF’ ‘FilR RE:suL.’rs F O R  ~1iz I:’sHjp vEk’r i Cu -si... L~EN,IINi~ S I kEISSWI ’) I--I t -~ )kkF~,F U,4A:, j  NI.3 RFIW ii Iii x i i  z~ r J: ON RESUI... ’rs A’ !  [‘AVIS [‘SUN [ (i l-i l IJ ~~
’ I ( ‘ If , 

~
‘

5(0 LAI4 L I MC LEAN 1 19 7 3 - 19/ 4  W T N I E I 4  SEASON VOYAIW 37 EAST 

Thk RF.SUI.TS - ‘*- ‘,— — — — l ’ ,L .  11161 r I z A I I O N — — — : , *<,--—Cfl l. I,IlI(4 RAT I üS— — ,7

* 80. NO. MAX EMS FlAX 1s1* f4I,N4,E OF 7.133 X IlL! . *
0.1. .  * WAVE. 151 F — T O — I  F’ - T C — T  FIIIIJE * NLCU1IIII’IJ (SA MPS F 11E014 6 ( 7 )  (6)  (6 )

k IlN aIN[.UCE[l Mt/L iE ST RESS ST I<I SS N T R E W S *  EXINEFWS ENS ) SSFI FSS* / / /
NI) . * CYCLES LIURSIS 5151 MISA I<I’SI * SF51 SF51 SF81 * ( 4 )  ( . 4 4 : . ) ( 4 )

* ( 1) (2 )  (3 )  ~ 4 )  (5 )  5 (6 )  ( 7 )  (8 )  3
$ * a

1)3 * 83 0 3.55 1.63 0.00 * 4.95 2.06 —0.65 * 1.27 1.39 1 .39
11 ’, * 66 0 4 .2 3  1 .71  0.00 a 4 .85  2 . 1 1  — 0 . 1 4 2  * 1.23  1 . 1 5  1 .15
121 * 5/ 0 3.79 1./7 0.00 5 6 .47  2.95 —0. 92  ~ 1 . 6 ?  1.70 l ./ ’ ~
133 * 91 0 3.99 1.74 0.0< , * 4.66 1.89 —0.52 * 1.09 1.17 1 .1/
1-5 7 * 105 0 4.26 1.42 0.00 * 4.62 1.66 —0.91. * 1.17 1.08 1.08
141 * 111 0 3.04 1.38 0.00 i 5.54 1.49 — 1.19 * 1.08 1,82 1.82

145 * 76 0 5.93 7.98 0.00 -* 6.34 2,97 — 1 . 5 9  * 1.00 1.06 1.06
149 * 65 0 15.50 4.14 0.00 * 12.50 5.08 —0 .17 * 1 .23 1.47 1.47

1~~3 I 55 1 13.41 6.0 0.58 s 11 .40 5.5:, —o. jo 3 0.91 (1.81 0.85
157 * 58 1 14.8’) 7.18 0.57 5 15.70 7.02 0.04 * 0.9)1 1.02 1.06
161 3 55 1 /2.411 5.96 0.63 3 13.56 6.40 —0.10 * 1.07 1.03 1 - , ’ V
.401 * 5 /  C 1 2 .3 - )  7.o. ’ 0.0)) .5 14.60 7..ia —0 .12 * 1.05 L .19 1.19
2U~ * 6o 1 1(1 .40 5 .7 5  ~~.4 -$ 6 1 1 . 4 6  5 , 94  o . i i  * 1.03  1 .03 .10
2’J’1 * 6U 1/ 10.69 5.10 1.64 * 14.56 6.24 —0.09 * 1.77 1.18 1.36
213 * SN 8 12.119 7.61 1.11 3 tS.25 7.91 (‘.06 * 1.04 1.09 1 .114
2(7  3 A t  II 15.00 S.94 0.90 5 18,94 7.10 0.22 * 1.70 1 .13 1.20
22 1 * 51. ii. 11.63 6.:4.2 1.05’ 5 15.64 7,11 —0 .41 6 1 .1? 1.23 1.34
225 * 44 0 lI. ’13 6.20 ll . , ) I’  • 16.,9 7.03 -0 .1’S’ * 1.1 4 1.42 1 . 42

729 * 48 7 141 .95 6.21. 0.83 * 11. 3 - i 1.7.  0,55 ~ 1.0/ 1.72 1.31
233 5 43 2 1(4 .30  5 .76  I.’ . #.O 3 1 0 .91  5 . 31  — 0 . 5°  4. 1.01  0.99 1 .05
23 7 * 44 U 8.01 4./U 0.00 * 10.76 ‘5.50 —0.41 * 1 . 1 7  1 .28 1, . ’II
241 S 46 0 9 . 0 4  4 . 4 7  0.00 3 9 .5 1  4 . 84  — 0 . 54  3 1.08 1.05 1 .05
245 * 46 1 13.80 5.18 0.57 1 13.44 5.611 —0.68 * 1 .10 0.94 0.97

249 * 62 3 6.98 3.39 0.74 * 8.714 4.14 —0.94 * 2 .2 2  1 .14 1.2a

TABLE V I (d)

SUhrIAR ”r OF RAW IF I t3 .1-n ZA ‘i i: ON RESUL.. ’1’~-’ FOR RñI’ICH kt~N( .,F

ROLL, ~‘i’1 LH , LIECK F-lousE: ACCELERA1 ’IONS ~ ANtI ‘rOCKER ~Ei 
-
~~ :

SEA LANE ’ MC L EA N 4 1973- 1974  W I N i E R  REASON 0010(11 32 FAN !

s.- ’ — —  RAIIAI< ROLL — — — — > ‘ .— — - - F I T C H  — — - ~~~- - — ‘ d E N T  A C C E L — ” - l — — L A T  01:11, 1, — .“.— —  TUCSF F< — — 9
11.1, . 4 . 0  RFI.OI4I ’ EL ’ 4 . 0  RI 1 08[,E II 4 . 0  FECGI4I’ht’ 4 .0  F4ECOR[I E[ ’ 4 . 0  4/1 1 11551 11 4 . 0  NF.COkl’ I (I
RUN (5115) EX IR EM E S (ENS) EX1REFIE S (N -MG ) FX TFIEIIFL S (EMS) LXT RFM ES (EMS) EXTRIIILS (ENS) FX TF,EMES
NIl. FT II F T (‘Fr, [lEG 11,6 [‘1 6 (lEG IIEI’. ( 6)  ( 6) (8)  (8)  (6 )  lii) FT FT F- i

1 1 3  24. 24. —1 7 . 9.9 7. — 1 1 .  0.4 —0.2 —1. 6 o.08 0.1 —0.1 0.:’? 0.7 —0.2 3. 2. —3.
11/ 21. 16. —18 . 8.6 6. ‘-5. 0.4 -0.2 —(1 .9 0.07 0.1 —0. 1 0.19 0.1 —0 .1 2. 2. —2.
121 23. 114. —1 6. 9.4 7. — 7 .  0.4 —0. 1 —0.8 0.07 0.1 —0.1 0.20 0.2 —0. 1 2. 7. — 2 .
3 ,4 4  17. 1/, — 1 4 .  # , 7  5. —5. 0.5 0.1 ‘ -1 ,9 0 .1 0 0 . 1  — 0 . 1  0 . 15  0 .1  — 0 . 1  3. 2. -7 .
1,4/ 16. 14. — 13. 5.2 3. -5. 0.6 0.0 — 0.9 0.11 0.1 -0.1 0. 1 4  0.1 —0. 1 2. 2. —2 .
141  16. 5 4 . — 14. 6.6 4. — a .  0.5 0.1 — ( 1. 14 0.10 I~.1 — 0.1 0.15 0.1 —0.1 2. 7. ~~2l
145 20. 15.  — J O .  13 .6  12. — 1 . ’ . 0 .5  0 . 1  — 0 . 8  0.09 0 .1  — 0 . 5  0 . 3 7  0..5 — 0 . 3  4. 3. -3.
14 9 78. 21.  -72 . 2 1.7 17. —15 .  0.7 0,3 -0 .9  0 ,10  0 . 1  — 0 . 1  0 .4 9  0 .4  - 0 . 4  5. 5. -4 .
153 30. .‘; . - ‘s . .11.3 16. — 14. 0.7 0.~’ —0.8 0.014 0.1 —0.1 0.46 0.3 —0.3 5. 5. -- 4,
11/ S F . 28. -32. 24.7 18. — 18 . 0.7 0.2 —0.9 0.12 0.1 —0.1 0.55 0.4 —0.4 7. 6. —6 .
161 32 .  28. -1’ , 4 .  2.2 . 2 17. — 1 7 .  0 .8 0 .3  ‘ -0 .9  0 . 1 1  0 . 1  -0 .1  0 . 4 9  0 . 4  — 0 . 4  7. 6. -6 .
~O1 35. 30. -35. 23.1 21. — 16 .  0 .8 0.5 - ‘0.9 0 . 1 1  0 .1  - 0 . 1  0 .5 1  0 . 4  -0 .5  8. 7. -5 .
::oo 3.3 . 35 .  .I9 . 26 .4  1(1 . 18. 0 .7  0 .2  “ 0 ,9  0 . 17  0 .1  0 . 1  0.~~9 0 . 4  0 . 4  9. 1 4 .  ‘.7,
209 29. .44. — .‘A. .‘S.O 23. — 1 4 .  0 .8  41 ,’ - 0 , ?  0 . 18  0 . 2  — 0 . 1  0 .S5  0 .3  — 0 . 5  9. 7.  — 7 .
213 3? . 3 1 .  —21 ) . 26.8 23. —1 6. , 0 .9 0 . 4  — 0 . 9  0 . 1 7  0 .2  — 0 . 2  0 .63  0 . 4  — 0 . 5  10. 9. -7 .
217 .50. 24.  — 26. 7 0 . . ! 20. -17 .  0 .8 0.5 — 1 . 1) 0. 5 /  0 .2  — 0 . 1  0 . 4 7  0 .3  — 0 . 4  9. 7. — 7 ,
2. 1 33. 26. -24. 2-1.1 21. — 13. 0.8 0.5 —1.0 0.16 0.2 — 0 ,1 0.1-1. 0.4 —0.5 8. 7. —8 .
.~I5 .3) .  )‘- . 75 .  ) / .0 17. - ‘11 .  0 .6 0 . 4  -0 .9  0 . 11  0 . 1  — 0 . 1  0,38 0 . 3  — 0 . 4  6. 5.  — 4 .
: : ‘v 26 . 24 .  - 2 4 .  2 1. 4  14.  - l 7 .  0 .8 0.3 — 1 . 0  (‘ .12 0 .1  — 0 . 1  0 .4 7  0 . 3  - 0 . 3  1. 6.
7 ’ S  24 .  18. -1 9. 16 .1  13 .  — 1 2 .  0 .6  0.2 -0.8  0 .10 0 .1  ‘— 0 . 1  0 .36  0 .3  — 0 , 3  6. 4 .  — 4 .
237 7, 3 . 2 4 .  — 1 .  1/ . 4  15. — 1 2 .  0 .7  0 ,6  — 0 . 9  0 .10 0 . 1  — 0 . 1  0 .36  0 . 2  — 0 . 3  5.  5. - 4 .
241 20. . 0.  -20. 16.o 10. — 1 4 .  0 .7  0 .2  — 0 . 9  0 . 1 1  0 . 1  — 0 . 1  0 ,3 n  0 . 3  — 0 . 3  5. 3. — 4 .
2~~5 26. 2) .  -20. 15.0 9. — 1 6 .  0 .9  0.5 — 1 . 0  0 . 1 1  0 .1  — 0 . 1  0 . 3 2  0 ,3  — 0 . 3  5.  4 .  — 4 .
249 31 .  3 4 .  —20.  16 . 1  8. - ‘29 .  0 .9 0 .2  — 1 . 6  0 . 1 1  0 .1  — 0 . 1  0 .35 0 . 3  -0 .3  4 .  3. — 2 .
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TABLE V I I ( a)
SUr 1ri A R Y OF I MR LOG— Bo OK [ ‘A lA CORRESF’ONL’.I NG 0

INI’ F.RVAL .. S ~ E. L E C T E L I  F O R  WAV E- ME: ’! ER LIATA RELILJCT JUN

SEA LANE’ Mr LEAN 1 19 7 3 — 3 9 7 4  WINT E R SEASON 1 VOY A G E 32 WES T

[‘ . 1. 11414 11414 11314
RU!) TA l E IMIII IN IV  TIME SPEED PRO!- [114(111 51’ A / 0 1R
NO. NO. NO . NO. ElATE (GIlT ) LAT 1I L JII E LUNUITU [’E COUSSE 5T . R I M  El . TEI’I4/

30” 14 1  3 9 01-014-74 1500 5 1- 7 9  N 02— 07 E 260 31.5 127.6 29 .314 48/44
31-5 143 4 13 01-00-74  1710 51-39 N 02—07 1 260 31 .5  127 .6  2 / . 3 1 4  4 8 ,4 4
33 ’  14 5  9 36 0 1-09-74  1200 45— 08 N 13— S O U 233 3 2 .6  132 .0  29.87  45/55
341 54 3  10 40 01 -09-74  1600 45— 0 8 1) 13—30 U 233 32,7 137 .4 29.80 55/59
345 143 11 44 0 1 -09—74  2000 45—08 N 13-30 U 267 .32.3  1 3 5 . 0  29 .69  5 5/ 5 , ’
34’) 143 17 40 (11— 09—14 2400 45-08 N 13-30 U 266 31.8 1 29 . 0  29 . 4 0  54 / 5 4
35.’ 143 15 58 01-10— 74 1200 43—29 N 24—SI U 245 11. ( 44.9 29.62 54/54
.36 1 143 15 60 0 1— 1 0 — 7 4  1200 43— 29 II 2 4 — 5 1  W 245 1 1 . 1 1  4 4 . 9  29 .62  54/54
40 1 145 17 1 01—10—74 2000 43—29 N 24-SI U 250 8.7 35.3 2°.N4 4~~/50
41)5 145 18 5 01-10—74 2400 43—29 N 24—5 1 U 250 60.9 44.3 29.63 55748
40-1 145 19 9 0 1 — 1 1 — 7 4  0400 43-29 N 24—5 1 U 240 26.1 1 ’J,.9 28.90 55/48
41.4 145 20 13 01—1 1— 74 0800 43—29 N 24— 51 U 240 11.0 44 .9 29.46 51/52
421 1 45 22 21 0 1 — 1 1 — 7 4  1600 41— 31 N 29—25 W 270 12.4 50.3 29,70 58/51
425 145 23 25 01— 11—7’) 2000 41— 31 N 29-75 U 270 16,7 65.7 29.148 56/44
429 145 24 29 0 1 — 1 1 —/ 4  2400 41—31 14 29—25 8 270 18.7 75 .9  29.1)9 57/46
43/ 1~~5 26 37 0 1 — 1 2 — 7 4  0800 4 1 - 3 1  N 29—25 U 271 28.4 115 .1 29.63 514/52
441 145 27 41 01-12-/4 1200 41—0? N 40—08 U 245 32.5 131.9 29.64 514/
450 145 29 50 01—12—7 4 1~~30 41—0 ? N 40—08 U 245 28 .1 122.0 29.66 61/53
453 1 45 30 53 01—1 2— 74 2000 41— 07 N 40—08 U 269 32.5 131.8 29.71 59/49
461 145 32 61 01—1 3—74 0400 41—07 N 40—08 U 272 29 .6  [ 19 .9  29 .40  63/59
465 145 33 65 01-13—7 4 0800 41—07 11 40-08 U 272 32,6 132.1 29.64 50/50
507 147 36 7 01—13-74 2000 40— 17 N 56—29 U 274 31.9 129,3 30.14 61/38
512 1 47 37 12 01—13—74 2400 40-17 N 56—29 U 272 28.5 115.5 30 .30 65/35
513 147 38 13 01—1 4—74 0400 40—17 N 56—29 U 274 32.8 132.9 30.42 61/31

TABLE VI I (b)

SUM i’-IAR’ T ow MR Lt:)c~---S (:)oN [‘AlA CORRESF:ONI :, I N& TO
INTERVALS SLL,Ec:TEL ’ F OR WAV E I1r:TER [‘ATA RE:I:’ucT ON

SEA 1080 MC LEAN I 19 7 3 — 1 9 7 4  W 1N T E N  SEASON I VOYAGE 32 WEST

- 11.1. cELL U IN II, 5(1 WAVE 5(1. ‘-SW I LL—>
RUN SEA [ ‘ 15/54 /F  (1’ UAVC NT.  SWELL NI LENLIJU
NO . STATE 1(6 1) [‘15 F l .  illS I i .  11. V I SUA L WEATHER /iNE 108—8005 COMM ENTS

309 10 :351-/so 351” 10 35P 8 250 OCAST /
313 10 3 :4-/55 351-’ 10 351 10 400 OC A S F  /
33/  9 1 46/ 4 5  OP 15 81’ 10 “00 CL OY /
34 )  7 301- /40 30 1” 15 8!- ’ 10 500 C1Il( /
345 8 641/45 641” 10 641’ 10 501) LI I’Y /
34 /  9 4 1 4 - / S O  41 1 15 41 1’  10 500 O LA ST /
35’? 9 26/55 25 30 255 11., 500 CL III RA IN SOUALLS /
361 9 .5,55 25 30 25’- 25 500 CLOY R A I N  SQUALLS /
401 9 205/50 206 25 206 20 500 OCA SI RAIN /
405 7 ‘F / 1 -S 24/ 25 2F’ 20 500 O 1f.ST /
4u9 12 3/!’/eO 371’ 35 3/4/  20 500 01(1ST /
4 13  11 l’ , r ’/o O 151’ 35 305 20 500 OCAST RA I N  /
4 2 1  1 1 45 ., ,6O 455 30 456 25 400 F l  CUll I
4 ’ S  1 0 ~ : - s -  60 4:6 20 455 75 400 0 1( ’ .T /
429  1(, 455/60 0 20 0 ?1~ 500 01.051 4 /0 1 14  511&JALLS /
437 9 9(1,50 914/ 15 911’ 20 400 01(5! /
‘14 1 1” 2 1./SO 26 25 76 26 400 OCA ST /
‘.5 0 9 26/45  25 .‘~~ 2S :‘o 400 0(1.5! /
453 9 44 1 - / 4 5 441- t: 444/  20 ‘4~’o 01051 f IN 41110 OPERA T ION
461 7 4 / 4 , ’ lO 471’ 15 24/ 12 500 UI . 4 - !  /
.I6S 10 435/ 50  434) 25 438 20 500 0104. 1 /HEAV i R A IN SQUALLS
507 9 455/45 41 5  15 41S 20 400 0(05! /HFAV Y HAIL
S I?  9 4 3 1 / 4 5  435 10 438 2(’ 400 RA IN SNOW /
1.1 3 4 415/35 415 4 415 8 300 0(451 /

28 
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TABLE VII (c)

COMI~ARI SON OF MR RESULTS F OR MI[ISH IF’ V ER1 [CAL HENI’iNG SI I-:L~’b
w ,[ r H L t.)RRESF’UNEI I NG RAW z:’ .1 Oi l ‘r I LA l ION RESUI... ‘IS A 1 III AV IIhUI’~ I. A,I~ I,)I- .I- I I UR s’

554 LANI’ ML LEAN 1 1973-1974 WI NiER SEASON I V OYA GE 3~’ WEST

* - ——— — -- 4)48 SF6151 IS 5 — — — — 0 . 1 .  [1101 T IZ A T I r ) N — —  - .>*~~—— C(f l I)MN RATI O S——>

* NO . (10. MAX ENS MAX 151* hAN OI OF 2.83X 511 *
[I . [  • * WAV E 151 P — T O — I  P—TO—i IIEJEFE * RECU5II ED (50144/ I .E 114/o N * ( 7 )  (6 )  (6 )

RUN *IN IIU LELI 1401.1 S l I - ISS  STRESS 5151,66* EX IRFIIE S 5863 STR’(SS* / / /
140. 5 CYCLES IIUIrsIS F b I  54 - 51  54/51 * hF-SI hF’S! 51’ 51 * (41 (3+5)  (3 )

* ( 1)  12)  ( 4 )  ( 4 )  (5)  * ( 6 ?  (7 )  (8) *
* I *

.309 * 55 3 9 3.55 1.76 1.29 * 6.56 2.11 — 0 . 1 9  * 1.20 1.36 1.135
3 13  4 ‘ 5 2  62 11 .02  3 . 9 9  7 .58  * 10.98 4 . 1 9  — 0 . 1 0  * 1 . 05  0 .59  1.0’ )
33/ 5 1146 34 6 ./ 3  2 . 9 9  2.66 4 9 . 4 5  3 .28  — 0 . 58  * 1.10 1 . 0 1  1 .40
341 * 1 /9  60 8 . 3 . 4 3 . 4 3  4 . 9 7 $ 3 3 . 8 3  3 . 53  — 0 . 3 3  * 1 .03  1 .04  ~~~~34 . * 199 67 9.143 4.?? 3 .19 * 17.79 4.70 —0.24 * 1 .11 0.98 1.30
349 * 142 65 14 . 5 1  7 . 2 5  4 . 1 6  S 19 .02  / . 4 9  1 .5 2  * 1 .03  1 .02  1 . 3 1
2’ ’? 5 [09 49 5 / . 3 ?  10.06 1• 3 3  5 2 3 . 4 1  5 0 . 4 6  — 0 . 1 8  5 1 . 0 4  1 . 5 8  1.33
361 * 113 50 19.90 9.46 :‘.is * 21.93 9.56 —0.08 * 1.01 0.96 1.09
401 * 1 5 3  9 1 9 . 3 6  7 , 6 0  3 .28  * 2 1 . 0 /  7.418 -0.7,4 * 1 .04  0 .93  1 .09
405 * 1 5 7  6 15 .97  6 . /4  2. 4 5  4 1 9 .5 1  6 .57  — 0 . 3 5  4 0 . 9 /  1.07 1 . 2 2
409 * 158 31 13. /I 4.70 3.86 * 16 .90  4 . 9 6  — 1 . 7 1  * 1 .05  0 .96  1 .2 . !
413 * 3 . 45 27 19 .15  / . 25  3 .7 0  * . 1 . 1 8  7 . 1 0  — 0 . 4 8  * 0.913 0 .93  1 . 5 1
4 21 * 132 28 1 7 . 5 3  7 .54  3 . o l  * 17.11 4 /.11. — 0 . 1 . 4  5 0 .95  0 .41 4  1.02
425 * 140 29 1 6 . 4 3  6 .77  4 . 7 5  5 2 1 . 4 4  6 . 6 0  — 0 . 2 7  5 0 .9 7  1 . 0 1  1 .30
429 * 150 47 14.39 6 .34  4 . 4 . ’ 5 1 7 . 4 9  6 .4 2  —0.96  * 1.01 0 .93  1 . ? . ’
43/  5 173 43 3 5 .3 ’  5 .35  8 .98  S 2 2 . 1 1  5 .69  — 1 . 7 /  * 1.0/. 0 . / I  1 . 4 4
4 4 1  * 19 7 23 6.63 3 .3 0  3.25 S 5 1 . 5 9  3.93 — 1 . 0 0  * 1.19 1.17 1.75
~~5’I  $ 583  29 1 1 . 3 4  5 .3 /  4 . 0 7  s 15.90 6.07 —0.10 * 1.13 1.03 1,40
453 * 200 23 7.64 .3.40 3 . 4 3  * 14 .46  4 .08 — 0 . 6 2  5 1.20 1.31 1.89
4 6 1 * 179 31 4 7 . 1 7  5 .03 5 .3 41  * 17 .84  5 .25 0 . 5 7  * 1.04 1.02 1 . 4 7
465 * 199 11 1.68 3.55 3.05 * 1 1 . 12  4 . 0 9  — 0 . 4 4  6 1 . 15  1,04  1 . 45
507 * 2 Io  II 10.09 3 .67  3 .7 0  * 1 2 . 4 4  4 . 4 8  - 0 .36  5 1 .2 2  0 . 9 4  1 .7 3
512 * 198 23 8 . 34  4 . 5 0  5 . 35  * 1 4 . 4 0  4 . 3 9  0 .34  * 1.07 1.05 1,73
513 $ 230 6 6. 10 2 .92  1 .84  5 10 .40  3 . 7 4  - 0 .10  * 1.241 1 .31  1 . 7 0

TABLE V II (d)

SUri M AR ( OF RAW 1,1 GIl ’ I/A I .1 ON FF501 IS F OR RA [’AR RANGE
F’ULL~ F’I I C H ,  II I  [K HOUSE 1-SCCELERATJO NS, AN!:’ ‘T UCKER ME:TER

SEA 141411 tIC l EAN 4 1973- 1974 W INTE R SEASON 4 VOYAGE 32 WIS i

k—- - - soros - — —  ‘ <— - —  ROLL — - - -  .~~ -- - PITCH --- - , < --VE RY AL LE L— ,-’<——LA T ACCEL TUCRER —— >
D .L. 4.0 b1CO5L’LI’ 4.0 EECOKIIE[I 4.0 RF,C0F,i.E E’ 4.0 RE 1JR1’EEl 4.0 RFCOF!’E[’ 4.0 RECORE’E fl
RUN (5145) IX T R I MIS (h-M S) EX IREI’FF S (RMS ) EXTR 4/ME5 (5145) EX T R 1 - 4 / E S  4 14145) EX TRF r IF ’S (RriS) EXTREMES
NO. Fl 13 11 111 (4 DEO 1.16 LE G  (‘[6 LiEU (8) (01 (6) (0) (0) (8) F”! 11 FT

309 15 . 13. ‘-13. 5.0 7. -2. 0.6 0.2 — 5 .2 0.16 0.? —0.1 0.15 0.2 —0.1 2. 2. -2.
313 2 13. 28. —39 . 3.? 4. -4. 1.3 0.5 -1.7 0.29 0.2 —0.2 0 .51 0.2 —0.1 3. 3. -3.
337 34. 28. —23. /.3 6. —7. 1.7 0.9 -1.8 0.39 0.3 —0.3 0.21 0.2 —0 .2 7. 5. -6 .
341 33. ,4~’. -41 . 4.8 4. -3. 1.8 1.2 —2. 1 0.44 0.5 —0.4 0.15 0.1 -0.1 6. 5. .

345 3/. 29. —3 4. 4.9 8. — 2. 2.1 5 . 2  -2 . 1  0.16 0.4 —0.3 0.16 0.1 —0.2 5. 4. —5.
349 54. 41 . —38. 5.9 7. -5. 2.2 2.0 —1, 9 0.49 0.4 —0.4 0.19 0.2 -0.7 7. 5. —6.
359 68. 59. -48. 23 . 7  19. — 2 1. 1.9 2.0 — 1 .6 0.44 0.3 —0.4 0.64 0.6 —0.5 17. 11. — 1 1 .
361 SF4 . 4’.. —50 . IS.? I .’. —1 7 .  2.0 2.0 —1.8 0.4.1 0.3 —0.4 0.43 0.3 -0.3 13. 10. -1 1 .
401 60. 69. —50 . 23.3 15. -1 9. 1.7 1.9 — 1 .5 0.38 0.1 -0.4 0.62 0.5 -0.4 13. 9. — 50 .
405 51. 50. ‘.3 5. 18 .7 16. - 1/. 5.7 1.6 -1.6 0.40 0.4 -0.3 0.S0 0.5 —0.5 13. 9. -50 .
409 51 . 56. -4’). 14.1 [5. 15. 2.4 2.3 -1 .1 0.55 0.4 —0.6 0.39 0.4 -0.5 12. 11. 11.
41,3 1-1. 45. - 13. 57.0 13. — 15. 7.0 2.5 -- 1 .8 0,48 0.4 —0.5 0.4/ 0.4 —0.4 11. 0. — 8 .
I’S 1 ,4 . 41 , - S I  • /.6 5. -7. 1.9 1.9 -1.9 0.43 0.3 -0.4 0.21 0.2 —0.? 8. 6. 6.
4 : 5  59.  1.1 . -5 ’! . 8 .4  6. — 7 .  2 . 2  2 . 2  —1.9 0.5? 0.4 -0.5 0.23 0.3 —0.? 10. Il.  —8.
4 29 61 .  4 7 .  - 5 / .  8 .5  6. -7, 7 .6  2 . 3  -2 .2  0 . A ( ’  0 .5  -0.5 0 .75  0 .2  -0.2  9. 7. -7.
4. 4 7 54 .  51 .  - 54 .  / . 6  7. -9 .  - 7.6 2 .4  -;‘ .3 0.60 0 .6  - 0 .5  0 .2 2  0 .3  -0. 2 8. 6. — 8 .
441  35 ) .  ,1 ,’ , - 48 .  7 .8  6. — 9 .  2. 0 1 . 1  — 2 . 1  0 ,4 4  0 . 4  - ‘0.3 0 ,27  0 . 2  -0 .2  7. 5. —6.
450 4 / .  31. . -5? . 8 .8  6. — 7 .  7 . 4  5 . 5  - 2 . 2  0 . 5 1  0 .4  — 0 . 4  0 .72  0 . 2  — 0 . ?  6. 4 .  -5 .
457 3 4 .  3?. —4 2. 6 . 6  7. - 4 .  1 . 1 3  1 . 3  — 2.~. 0 . 3 1 4  0 . 4  - 0 . 3  0 . 18  0 . 2  - 0 . 2  5 .  4 .  - -4 .
46 1 4 3 .  35. - 4 2 ,  5 . 2  4 .  - 4 .  2 . 3  1 . 7  — 2 . 1  0 .4 9  0 .4  - 0 . 4  0 .15 0 .2  - 0 . 1  5. 3. — 5 .
41.5 32. : 5 .  -714 . 5 .8  .3 .  — 7 .  1 .8  1 .1  - .‘ .? 0 .39  0 . 4  _ 0 . 3  0 .15 0 .1  - 0 . 1  4 .  3.  - 4 .
soi 33. :‘4. -42 .  9 .5 5. -0. 1 .6  0 .9  -7 . 0  0 .34  0 . 3  -0 .3 0 .2 1  0.2 - 0 . 2  4 .  3. -3 .
S I?  ~4 ,’ . 27. —28.  6 . 3  3. -9 .  1 .9  0,9  - .‘ . l 0 .42  0 . 4  — 0 . . ! 0 .1 7  0 .1  - 0 . 2  4 .  3 .  - 4 .
5 4 3  25 .  23 .  -19.  5 .1  7 .  -6. 1.1  0.5 — 5 . 4  0.25 0.2 -1.2  0 .14  0 .1  — 0 . 5  3. 2. — 3 .
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TABLE vII I( a)

~ I. Jl - I!i4 F’ , I ~ i iii .. I tJ ., 1-4 11 1k I:IA i - i t.:t. )RFI - s~—-u~ir’ 1i~c; To
I NrERv~-, L . S SL 1. 1- L I F II F UK WAVE ME 1 ER D A T A  FE 1.11 IL I .1 ON

SEA LAN!’ ‘1 LION 1 19/, 4-19 ‘4 8 1 11115 S F 4 5 0 1 4  : VO ,00E 33 EAS I

[l.L . 31441 1)41< 1 1444
RUN 101 1’ 14414!  IH1U 1511 1 54 / FE D 1501’ [ ‘ RAFT S E A / A I R
NI) • NO • NO • NO. I’ .~ II ( G M ! )  LAI I 1(11.4 LONG) 1 :I1’E ( .111)55) RI • hIM 5 1. T h u ’

601 1 49 1 I 01-17—/4 1600 40-70 N 70-19 8 090 32.7 130.4 30.04 40/3S
605 149 2 5 0 1 - 1 /  74 .0(0 40 - 20 11 ‘/0- 1/ U 079 32.3 131.0 30.1.1 47/36
609 149 3 9 0L - I 7 — ~’1 2-lu,) 40— .~O .6 70—19 U 079 32.1 130.0 30.05 401.4
613 149 4 13 0 1 -  1 8 - / 4  (Pluu 4 ‘ . 6  70—19 U 079 29.7  17 0 . 6  3 0 . 0 1  o S/: ’O
6.1 149 6 21 01— 18- I 1 . 1 ’ )  4- ‘0 N /0-19 U 0714 3:’.S J ,1l.9 79.96 6o’.’~
675 149 7 25 0 1 — 1 8 - / I  16.0 42— 1 / N 51. - IS U 07)4 3 2 . 4  1,3 1 . 3  7 , 9 ,4 5 4 / 5 4
629 149 8 29 01—18-74 2000 42 - I’ N 5 5 -2 5 U 0713 32 .3 131.0 29.80 411/34
633 149 9 33 0l - l t l - 7 4  .100 4 17 14 .1.- - 5 U 078 32.4 131.3 79 ,~~5l 34/33
63/ 149 10 37 0 1— 1 9 — 7 4  04,40 4; - )? 1.5 - 25 w 077 4.- .5 131 .6  25 .80  48 33
641 149 11 41 0 1 — 1 / - ’’! 0(13) ) 4 , - l i N 55— 75  U 0 / /  32 .5  1 3 1 . 9 2 9 . / 5  4 1 ) - ’ 4

645 149 52 45 0 1 — 1 9 — 7 4  15 00 4 ’  17 N 1.5-25 8 077 32 .2  1 30 . 7  29.o.! 5 4 / 1 5
649 149 13 49 01 19- “-5 1 )10 4.5-30 N 39-55 U 077 32.2 130.7 79.63 54 / 4 5
65 3 149  14 53 0 1 - 1 9 - 7 4  1530 4 4 - ,4u N 39— 55 U 0 711 37.’) 13 1 .5 29 .67 1,5’4/
657 149 15 51 01—1 9-74 I ‘40 44- 0 N .4 9 - - SI, U 07)4 37 . 4  1.11,5 29.o7 55/4/
702 151 1/ 2 01—19- 74 .‘ lIuo 4 4 - 30  N 39- 55 U 071.1 32 . 5  1 3 1 . 7  29 .81 6:. 4H
705 151 18 5 0 5 — 1 9 — 7 4  2400 4 4 - 3 0  N 39-55 U 078 37 . 4  13 1 . 4  29 .83  ‘ ‘4 . 4
709 151 19 9 0 1 — 2 0 — / 4  0400 44-30 N 39-55 8 078 32.5 131.6 :9.08 53/49
/ 1 3  151 20 13 0 1 — 2 0 — 7 4  OIlOu 44-30 N 39-55 U 078 32.6 3.4 ‘.1 30.00 5,4~~51
71 7 151 21 17 01—7 0—74 1 200 4~.—57 N 1.4 — 3 0  U 0/9 32 . 4 1:31.3 31 .00 55 . 58
1.’)  15) 2~’ 21 01 . 5- 1 ’) 1600 4’.-5/ N 23 - 30 U 0/9 32 .7 1.42.6 .1o.00 5 2 / 5 2
/25 151 ,‘.! 25 01-2 0-74 2000 46-57 N 23—30 8 0/7 3.’.? 132.5 30.0? 52/52
729 151 21 79 01-20-74 24u0 46-5/ N 23-30 U 0/7 32.0 129 ,6 29.89 5’ zSO
733 15 1 25 33 01 -21—74 0400 46-57 14 2 . 4 - 3 0  U 0/ ?  32 .3  13 1.1 :9.95 53/54
137 151 26 3/ 01—21-14 0000 46-5/ N 23-30 U 077 32.9 133.4 30.10 52/54

TABLE v I I I ( b )

b1ir1~ inF-’~ Y UI- hR u~ 1,-- l.1U ’l~ I.~~r~’i LORRF : S I I I N I ’  Ni ’ t I

IN TFRV ~iI ‘~ sE~ F F l ’  I Ilk 1-JA V I ME U F, LI f l IF~ RF l iii, I iIIN

SEA t ON I ’ MI I F,’)) : 197 3 - 1 9 ’ 4  W o o l F  S EA SON 4 V, ’YA I3F 33 105!

LI . L .  .1 .1  81141.’ filL WAVE 4 / l i  c ’SL . , I IL— ,
RUN bLA [ ‘ 15 ,5)- I l l’  W A VE NI.  SW I LL  411 1 ( 6 5 1 4 1
NO. SlA TE  /4 51) [‘18 F l. 1.18 F l .  F ! . V ISIJAL W E A T H E R  / 1814 ( 01,- I’t .F(( S C O M M E Nt S

601 6 4 5 4 / 7 1 5  904/ 4 901’ 10 400 4 / 3  II I’) /
60 .~ 7 791/ 30 7-11 ’ 8 794- 10 400 O)’A SI /S H1F R ’It’I NG 1 )141 1 1
609 8 794-/35 1 . 4 /  10 , - ~1’ 12 400 iii (

~141 /
#13 6 / 9 - ,-3 8  754 - ’  10 7 . 4 -  12 400 OLi’51 /
621 7 /411/ 30 /84/ 12 /‘ll 12 ‘10,) I 1.1’ ) /
625 8 1001/35 ‘ I) F 70 /1 )4 12 400 CLI’, /

629 8 14: 1-//S 14SF ’ 20 17 F’ 12 I,ou CLI’Y /SHIF-F’ING WA IlS OVER 541 w

633 8 1. 4 4 / / 3 5  j2 34/ 20 12.31’ 12 5~’O) CLOY /
6 37 9 1.5 4 /31. 12.2 F’ 20 1124/ 15 500 (~ •l) I /
641 8 17:1/35 5 2 2 1 ”  20 5221’ 15 5)0 1.1 . 01 /
645 9 16~~F / 40 14’IF 20 144 4 - 15 51,0 UCAS I  /
649 9 16 7 1/ 4 0  14- 1 4 /  20 14.15” 1’ - 500 01,0” 1 /508 3,) [IFS 1,011.
853 10 1 -1’ -) / 45 1 - 4 ’ ) -  25 1 4 - 4 /  IS 6 - .I 4 1  (.110 ,MANUAL OF 1501)116
657 10 1 454 7.15 1 ‘ I F  20 ‘I ‘F 15 60’) FT  LI 1.1 /
702 7 11SF / 3 4 /  (4 51  II 14 54/ ’  ( , ‘ c.’ ,’ F T  I ‘1 . 4/Al>, IN A UT O OFI, R A I ION
705 ,. 14- F - /IS 14SF’ 54 I ‘I’ )-’ 10 ‘1 .0 F’! CL1’~ /
709 6 1 2 4 1/ I S  12,11 8 • 14SF- I I  ‘ 5 ’ ’ , )  Ch Ic /
71.1 5 11,01,25 16)41’ 4 1 6) -S F 1~ ’ ‘11)0 F T  I 1 [ ‘ 1  /
71/ 5 16”1 /20 16V1’ 4 1 ,/I B ‘00 F I I ([‘9 /
3 2 1  4 5 2 4 1  / .‘O 1. 14 / 4 5695 14 3u0 F I 1 .1 (‘I’ /
/25 4 16/4//70 14 - 1 ’ 4 16 .1 6 300 1-1 ILl’S
729 6 771 /20 774/ 6 7 /F  6 300 U L A S I  /
733 6 35S/20  359 6 354. 4 .40,) 01,1ST /
737 5 58 5/4 5  5135 1. 58S 4 31.10 CL I’t /
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TABLE V II 1 (c)

.I lMI” 4/3R ’J~~’UI’4 t I E  [hI’< FE. sil... I S F OF h :lz .t ISH IF’ V I - FI iL i t I .  l o t- NI’ [NE’ 51 FE SS

~JIi H i.URRF- ~ I— ’t .isl fl ,i,’II., Ff114 jI ,[ (,,1 i l i i- ~ i .[iIN FE: ~‘> IJI I b (t I  I I I - , ’) i.I) SLS N Lj [uIE~ ’ l I t , F -  I

~.4 1 LANII I-IC LEAF) 4 1 9 ’ S — I  9 4 W I N I E R ’  SI 0511 ) : ‘,‘I) 4 . 1 1 . 4  .33 4- .,’~ 1

4- ’ 5014 R(SIJL1” - *‘  — - — t ’ .L • [ ‘ I l , I I I I A I l , ’ r - ) — - - —  *‘.— — CI)l 11111-1 8 0 1 1 , 1 5 — —

* NI) • N)) • (1)5 FM. - II,’,~ 114)4 5. 5, 4 III 2 . l)3 ’  F )  I *
11.1. * 1(0 (5 14 .1  1”—30 ) 5 ” — J , ( — !  (1,,)., 4 54  i j 5 ) ’ 4 - J .  ( 5 0 5 ) 1 1 -  I’l l . 1 1  * ( 7 ,  (6 ’  ( 6 )

RIJN * 1I I ( ’ 1 I14/LJ MI)I’F 6 1 4 4 4 /  SS ST4( F 4.S SThEbb~ L~~ II~LMES 5 14/, ) (5 . 4 / 4  / / /
NO • * I ‘“516 1lul.SIS 51 4,1 RI-SI 514.1 * 54 4 . )  RI”),I RI’S 1 I A . ( 3 4 ’ ’)  ( 3 >

• ( 1 >  ( 2 )  (4 ( ( 1  (5) 4 (c, I I / I  11 3 ’ *

* a *
801 * 2 ) 5  16 2 .19  1 . 0 3  1 . 1 9  4- .4 . 5 4  1 .4 1)  — 0 .00  * 1, 48 1 .02  I .~~S
605 * 156 3o 3./5 2.00 1. 1’.’ I c.. UY 2 , 2 ’?  0.1 1 * I l l  1 , 6  I. # l

609 * 96 Ic. 6.35 3.40 2.-), * /.1)8 3.311 0 . 1 1 1  * (‘ .99 0 . 1 5 4  1 . 5 /
61,3 $ 9/ 51 7.83 3.’Il 2..’’ 10,41 4 .7~

, 0.v4 * 1. ’ .’ 1.4.3 1. 34
o Il * ‘/3 38 9. ’, ’? 4 . 5 4 /  1. ’ - a 1.’ .)))’ 5. /4 /  — 0 . 3 4  $ 1 . 7 ’ )  1 . 1 4  1 .3 3
62 4/ * e / ,  31 10.05 4 . 9 :  1 .4 /  * 1 1 .7 5  5, 95 — 0 , 4 / c .  * 1 . 2 1  1 . 02  1 , 1 /
#29 5 51) 11 10 .4 3  4 . 7 /  1 . /c. * 1 . 2 2 5 . 4 / 4 )  —u.( 6 4- 1 . 1 ?  1 . 04 /  1 . 1 ) 4
63 3 * 61  1)4 12. 148 5 . 1 4  1 . 5’ . * 14 , 9 3  6 . 9 1 — 0 . 2 4  * 1, 14 1 , 03  1 ,1/ .
# 4 /  4 5.’ 19 13.8:4 6./Il 1.12 * 1 ,1..?? 7.54 1 —0 .1, : ; * 1 , 1 5  1.1.5 1.22
641 4 59 14’ 9 , 69  4 . 3 0 .  0. ’~ 7 * 14.64 6 .52  0 .0 1  * 1 .5 ”  1. 57 1. 4 / 1
64 1- 4 4 1 11 1 4 . 4 7  5. /9 1 . I’ ’ * I ‘.414 6.04 0 . 1 3  1 • 34 1 • 14 1. :3
649 * c’? 36 11 .41 5 , )~l) 1.44 17 , I ’ 4  7. 2 1  0.0)  * 1 . 25  1 . 3 3  1.19
c.4/ ,4 * 4 / I  2 /  1 .4/6 6.1 9  1. 4/ 4 15. 9’) 8 . ) ’ - ’ — 0 . 7 1  * 1 .16  0,134 0 .91
# 4/7  * 4 ?  143 13 .01  7 .0/ ,  1 .4 1  4 1c . . .4 4, / .60  0,1’ )  * ( . 1 ) 4 3  1 . 1 3  1 .26
‘(‘2 * 74 0 9.,’.’ .4.14 4 0.1)1) a 15 . 1 5  6 .28  —0..’l * 1.64 1 - 6 /  1.c ’7
70:, * 44 1 3 ’ . ’) ~- .o 0.!’? $ 1 1 . 1 7  6 .12 0.01 * 1.08 1 . 4 ) 4 )  1.15

441 3 9.75 4.48 0.14’. * 15 .09  6.57 0.37 * 1 , 5 , 0  1. .!? 1 . 6 ,~
153 * 41’ 2 1,4,/il 5.87 0.”. * 1 .5./c , 7.ul. 0 . 1 1 -  * 1.2 ,) 0.14 l . os l
/17 * ‘19 1 12 .44 4.31 . 0.54’ * .4 . 34  6,11 1.1.5 * 1,41 1.00 1 .0’
7.1 $ 41 1 9.82 4.11 Q. 1’? * 11 . 1 /  5.76 0./I * 1 . 4 0  3 .09 1.1)4
7’S * 44 54 Io.H5 3.62 0.Y ’  * 8.74/ 3.94 0.76 j , ,- ’? 1.70 0.76
779 e l  16 6.o5 7.;) 1.01 ~ 8,31 3.78 0.50 * 1.67 1,09 1.25
7.33 * ‘.14 3 4 .4/8 1.9.’ 0,8/ * 6. 72 3.79 0.311 * 1.72 1.23 1.47
73/ 1 ~4/ 0 4.75 2.21 0.00 4- 5 .5 2  :‘ . o 2  0. 72 * 1.19 1.16 3 .16

TAB l E v I I I (d )
bI .l t ) r I l ) F  I OF F .s o t J  rI[&Ii  J1~:A I I  ~I RE bIll lb F-O k RAJI(t k’ RA~tEc E-

~IiLL, F- - I It H, (I F ..k I- - I i l l I :~ E - A ( .1 - E-E L . F k~~f I t INE’ ,  AN~i 1 ILKEF-:  ME II F

SEA LANE’ tIC LEAN : 197 3-191.1 W I N T E R  9105118 : VPYA )3E 33 EA ST

s — — —  501 )05 - - - . ‘.- - - -  ROL L ‘,— — -  F IT C H  — - - — ‘ c - - - V E R T  0 ( 1 , 4 / 1  -1’ — - 1 . 0 3  ACS EL TUCRER —— 7
(‘.1. 4.0 RECOR1IED 4 . 0  44E C0R’I ’ ED 4.0 FilI,Ul’L’LI’ 4 . 0  Si’ UF.5L ! ’  4 . 0  (I 11)5 ,111 4 . 0  RELORI ’ L I ’

441 (4) (14 4 4 5 )  EX T R E M E S  (k’ , E X T F .’El’iES (14 4 4 4 . )  E X I R )  114 5 ( 4 4 ( 1 ,1 E . X I c . (  Ill- il 11,111)  EX!S L F IES l ION S) FXT hEME S
NI) , Fl’ 11 FT [‘EU 1 ,4/B 4/EU 1 ) 5  [‘ES [)4-~ ’ 113 >  1131 ( 1., >  (1,) ( 1 3 )  (Ii ’ F T  F T  F ’!

601 1 1 .  9. -9. 3.1 6. 0. 0.5 —0.0 —1.0 0.09 0.1 ‘0 . 1  0.09 0.1 -0.) 2. 2. -2.
60S 18. 1 4. -21. 6.9 10. -3. 0.9 0.4 -1 .3 0.20 0.? — 0..’ 0.1)) 0.2 — 0 .2 3 . 3. -3 .
609 2/. 26. - ‘2. 144.5 18. — . 0.1 0.2 —1.1 0 .58 0 . 1  — 0 . 1  0 . 4 4  0.3 — 0 . 4  4 .  4 .  — 3 .
813 29 . 21 . -213 . 19.8 20. -11. 1 . 3  1.1 — 5 . ?  0 , 5 2  0 . 1  - o .3  0.44/ 0.4 —0.3 6. 8. -

~~~ .

6. ’) 36. 33 . .7)0 . 2 7 . 8  25. -12 . 1 .1 0.1 —1 ,4 0. 2 1  0.:’ - - 0 . 2  0.6,4 0.4 —( ‘.5 9. 9. —7.
625 36. 29. -38 .  2 4 . 9  2.’ . —15 . 1.0 0.3 - -5, 3 0 .71 0.2 -0.2 0.55 0.5 -0.4 8. 8. -6.
#29 34. .9 . —23. :4.1 23. —12 . 0.43 0.4 - 1 . 1  0.15 0.2 — (1.1 0.55 0.4 —0.4 8. 9. —6.
633 39 .  39 . - :9. 2 9 . 4  2.3 . — 16. 1.0  0 . 7  - 1 . 0  0 . 16  0.~ - — 0 . 1  0.61’ ,  0 . 5  -0 . ’ 9. 8. —7 .
63 7 44. 46. -3,4 . 29.0 22 .  — 1 5 . 1 .1 0.7 ‘--1.) 0.16 0 . 1  - 0 . 1  0 . 63  0 .4  — 0 . 5  9. 10. — 7 .
# 4 1  -1) , 44 , —3’ ). 2 5 . 1  16 .  — 1 3. 1 .0  0 .6  — 1 . 4 0 . 2 : ’  0. .’ — 0 . 2  0.1c.  0 . 4  —0.3 7. 6. —6.

645 s.’ 4 9 .  - .32 .  28 .2  27 .  — 1 5 .  1 .0  0 .5  — 1 . . ’ 0 . 2 0  0 . 2  — 0 . 2  0 . 6 1  0.4 —0.4 7. 7. — 5 .

64’ ? 414 . 42. — 4’. 25.9 21. — 1 4. 1.0 0 . 4  — 1 . 2  0 . 2 1  0. :  — 0 . 7  0 .6- ’  0.’! —0.5 10, 9. —8.
653 1,/, • 41 . 44 . .42 .2 22. — 2 0. 1.0 0 .4  - 1 . 2  0 .18  0. I 0..) 0 . 6 ) )  0.5 — 0. : ,  II, 9. —8.
65/ 53. 49. - 4.4 . 31.5 23. — 5 / .  5 .0 0._ S - 1.. ’ 0.57 0.2 — 0.1 0.71 0.5 — 1 1.5 11. 50 .  — 7 .
702 50. 5 / .  — 4 . 4 .  : 4 . 1 . 1  16. — 1 / .  1. 1 0 .5  - 1 . , 4 0 . 2 4  0 .7  — 0 . 2  0 . 113  0 . 4  — 0 . 4  11) .  I~~ . — 1 0.
705 49. 44. —46 . 21.6 13. — 14. 1 .1 0.6 - 1 .4  0.:’:’ 0.2 — 0 . 2  0..):, 0.3 — 0 . 3 18. 10. —9.
/0’? 49. 43, - Sc, . I Ll  14/. — 59. 0.9 0.4 —1.3 0.1/. 0. ,’ —0.2 0 . 4 c .  0.4 —0.4 20. 30. —1 0.

71.1 4/1.. 50. - . 4 3 .  :‘i.I I.) . — 1 9 .  0.1’ 0.2 —1.! 0.54 “,l -(‘.1 0,44 13.4 —0.3 1’?. 11. —10.
717 43. 34. — . 1. 18.? 17 . - I?. . 0.11 0.3 — 1 . 1 0 .1.1 0.5 —0. 5 0.41 0.3 —0 .3 1~~. 5 ( 1 , — 10.
721 4 4 .  39. -29 . 21,4 14 , - I s .  0. -’ 0..’ -4 .0 0.09 0.1 — 0 . 1  0. 43 0 . 1  -0,3 23. I i ,  — I I .
i:’: 2 3 .  1 / ,  — i s ’ . i s . : ’ i s .  —4, 4/, , ? (4 .3  -11 . 9 0.09 0 . 5  —0. 4 0.741 0.2 —0.2 8. 6. —4.

1/. — 1 8 .  9,7 9, - I I .  0 .6  0,~’ ‘ 5 . 0  0 .054 0 .1  - 0 . 5  0..’I 0. .’ - 0 .2  13. 5 0 .  —(0.
1,1.3 .40 . 23 . - 1 ~~. 10.4 8. ‘ 9 .  0 .?  0 .1  - -1 .0  0 .07 0.1 ‘11 .1 0 . 2)  0.: — i’ .2 L’. I’) . — 54 .

73/ 1 5. 14. —1 4. 9.6 9. —7 . 0.6 0.5 -0.9 0.06 0.1 —0.0 0 . 2 1 3  0.1 -0.2 9, 6. —1.
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TABLE IX( a)

sLJiiMAR ~ OF rsl R L..o6--f ~(:ioN LA It-, C t i I :F I .SF uNI,I .1. N6 I N
1NiE .kV- ~I..,b SF1_ F LI il ls ~~~ W A V E  ilEl ER LIA1A RE,LIUCTION

SEA LAI )[ ’ 4/ C L EAN 1 1973- 1974 W I N t E R  SEASON 1 V O Y A S E  33 W E S 1

[‘ .1. 14414 1MR T I- SR
14 ) 1 , 1 TAF’E IN [’X IN1’ V TIt l E SIRE 1’ 1 4414 ) [ ‘ 1404/ SE’~/~ IR
NO. NO. Ni l . NO. 11011’ (0441) LAT ITU I ’E LONI3I TL I[I E COIIN SE I~ 1 , h I M  FT . Ill - if ’

815 151 4 15 01—24-/4 0400 244/ 37 .4 131.0 30.10 50’4?
01’ 153 5 1/ 01-24-74 0000 24’, 32.3 131.0 30,19 51/49
822 153 6 22 01—24- /4 1200 47—3: 4 N 11-56 54 2 4 /  3:’ .2 130 .6  3’ , ..Cl 52/50
825 153 7 25 01— 24— / 4  1600 4/— 33 N 1 1— 5 6  54 248 33 ,_ S 1/5.1 .30 .10 5.4/57
82Y 153 54 29 0 1 - 7 4 — 1 4  2000 4/ — 3:5  14 11 - 56  54 246 3 2 . 4  1 3 1 . 4  3 0 . 1 5  4 .2 , ’ - ’)
833 15.4 9 33 01-24-/4 2400 4/—43 44 11—56 54 246 31.9 129.1 3o.02 58/4/0
5437 153 10 37 01— 25—74 0400 4/-33 N 11— 56 54 246 3 2 . 1  1 3(4 . 3  29.90 5.’/SO
5441 15.5 11 41 01-25—14 01300 47—33 N 11—4.6 54 246 32 .1 130.0 71 .111) 4/4/51
845 553 12 45 01—25-74 1200 42-4/1 N 244—27 W 265 3 1 . 5 4  12 9 . 0  2 9 . 3 , 1  ‘ e l-S
149 14/ 3 13 49 01—25-74 1410 42—4/I N 28—27 54 266 3 1 . 8  120 .9 29.80 1,7/52
153 14/3 14 53 01—25—74 1620 42-51 N 213 -27  54 266 31.44 128,9 29 .140 57/ 5 . ’
161 14/3 36 61 01-25-74 2040 42-51 14 28-2/ W 266 37 .0  129.8  3 0 . 07  c . 5 ’ 4 9
901 14,:. 17 1 01-25—74 2400 42--Si N 28-:’) 54 266 31.2 1:’o.7 :40.03 4/7/4(1
905 155 18 5 01-26—74 0 100 4.’- 51 N 214-27 54 266 3 1 . 8  1:49 .0 3 0 . 0 0  5 6 / 5 1
909 154/ 19 9 01-26—74 0900 47-1,1 N 21-3- -7 54 266 3:’.6 1.3:4.0 .40.05 61/49
913 14/5 20 13 01-26-7 4 1200 41—50 N 45—25 U 266 3 7 .4  1 / 1 . 7  3 0 . 0 3  4 / 0 1 / 1 - 4 /

517 157 21 17 01- 26-74 .1600 4 1 — 4 0  N 411—25 54 266 32.3 140.9 .41, 11 4 - 1 / 4 c

92 1 155 22 21 01—2 6—74 20,0 41—5 0 N 45-24/ W 267 33.1 134.7 30.3/ 554/46
525 151-1 23 25 0 5 — 2 6 — 7 4  2400 4 1 — 1 0 14 4 5 — 7 5  54 267 3 2 .4  1 3 1 . 2  3 0 . 4 5  3 , 3 / 4 4
929 154/ :‘4 25’ 0 1 - 2 7 — 7 4  0400 4 ) - S O  N 45—2 5 54 267 3 2 . 4  135,4 :)~~.31) 1,0./s.’
93/ 155 26 37 0 1-27—74  1200 4 0— 4 ’~ N 62-42 54 266 3 2 . 2  130.4 30.00 4 / ) j il

941 155 27 41 01-27—7 4 1600 40— 44/ N 62— 42 11 ‘ 265 3 1 . 8  17 1 4 . 9  1” . ? ?  64/ c”.
945 154/ 28 45 01-27—7 4 2000 40— 45 N 62-42 54 266 3 2 . 1  13(1 .0 29 .81 4//#~
749 155 29 49 01-27—74 2400 40—45 N 62-42 54 268 3 2 . 3  1 3 1 . 4  2 9 . 8 5 4  4~~

TABLE 1X (b)

3’ OF Ilk LOG~— L~I l )UK LIA Ill C(.lI-~k E . .bE ’ ( Io I I , II Nti ‘IN
I: N i E R V A L .s S E L , E ( ”- ’I F. i;’ F OR W A V E  N E -r E F  I !IATA RE ( i t  jtl. l IO N

SEA 101)11 MC LEAN 1 1973-1974 W I N I E R  SEAS (IN 1 VOYAIIE 4. 4 W E S T

., 1 4 4 / 1 ,  541 111’ R E L WAVE lIES ‘.‘-S I4E( L— ~
kIlN SEA 1)15,51 4 11’ WAVE HI. SWELL  HI L1 ’NG IH
NIl. St A T E  / 4 5 5 )  1111-4 Fl’ . (‘144 F l ’ .  Ft. V iSUAL W E A T H E R  /ltt1 ’ LUG-HOUR C0M*i t - H I S

8)5 4 2S/16 2S 2 75 5 30(> UCASI  /F’ITCH I O,i, M I I I S A I E L Y
817  4 256/16 255 1 24/ S 5 3)’ ? ’ SCAI  CLOU t ’ S / C I E T T I N G  0001’ V ERI fliNt’
822 4 235/20 23S 1 2/S 4 250 4 / i A )  CL OUI’ S /
825 5 1 2 4 / 2 0  121 ” 2 225 4 24/0 1 1 11,1’) /F ’iTCH IN G EASILY
829 4 101/20 101’ 2 1044 4 ISo 4/’i LI lly /
833 6 1 05/ 2 5  245 3 244. 4 24/0 4 / !  CI I’Y /
5437 6 - 16/25 IS 5 Is 6 150 0001,1 IPI ICHING 4401 14 /140111  Y
841 7 2 15/ 3 0  2 1* ’  5 211 6 150 OC I,hi  /
845 54 1,4,,35 4/S 8 55 6 3 410 4 1  CI I’) /
849 9 4 6 / 4 4 ,  45 8 4 5  10 :‘so * 1  CLII I / 1’ I3,N))(~L til l I~A1 ION 4 4 4 )1  WINE’S
141,3 9 495/ 44/ 495 12 4S ii) 750 I I I I  I’~ /13(1441 V ENT [ ‘ L N[ ’ l I - tO A CT ION
861 9 2 6 5 /4 5  264. 12 265 12 300 5 1  .1 1 ) 4 /  /SHIf ’ F’INli W A l E R  I ’ V FS DEC RS
901 5 49’ ./ :’U 45 5 4S 10 300 F T  C) III / 541440 [ ‘OWN 10 30 NIH
9115 4 45/15 4S 5 45 8 750 000’ ’! /
9419 3 76’ . ‘tO 266 I 2654 8 27,0 0004.1 /
913 3 4 9 5/ 1 0 44. 1 44. 54 24/ 0 00051 /
911 6 4 9 4 / 1 5  49S 2 49 4.  8 250 Fl C L ) ’ Y  /
9 1 1  4 4 1 1 5 / 1 5  4 54 S 2 485 6 .300 CLI’Y /
925 4 4 1 1 4 . / I S  4l4S 2 41)4. 6 300 Ct FAR /
979 3 4I15 ’14. 45)5 1 4854 6 .sOO CLEAR /
9.11 8 4 1 4 / I S  41 ’ 6 444 8 400 R A I N  SU,.; .~ l t S  /
94) 9 40F’/40 40F’ 8 404’ 0 400 (ICAST I’
945 8 435/~(5 411 5 4 31 41 400 CLOY /
949 6 431/25 431’ 5 434’ 3 400 CLIII /
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TABLE tX(c)
I tJriE- t N-’~ I ,NN Ni 111k REbut ‘IS E t i l MI 1’$H)E VE I li t  Al }IE NIIIN ‘ lid “i’,

14 L I H  L,) Jkf < E 5 E ’ t ( i ’l i l j  Nt’~ RAW fI,[ (i i iLl-Il .1 t N RI H,tI t I, A l  j 3 ( ) i )  J I I- ,3 1 l 4  ~ l)NF .:),1t

SEA LAN I’ I-IC LEAN 1 1973— 19/4 W I N T E R  SEASON : VQ~~ i6 F 33 W E S t

a 1*114 R’ESUL5S ,—— - — I ’ .L , 111011 I Z A T  T O N — — —  * — — [  ) t ) I 1 ~N 1 4 0 T 1 O S — — .~
I NO . NO, MAX lINS MAX 1 4 . 3 *  RA14l,E OF 2 . 0 3 5  4 ’ ) ;  4

P - 4/ • * W~
’.L’4/ 151 I —  I 0—T F — T O —  r MO b) 4 kECORL ,F1I  (4.0 ,14/11 ’ MEAN a 07) (6) 16)

liON * 1 1 1 3 - I s  EL, t1Ltf’E 5 1 144,55 STRESS S14. 14.S* EX T REM E S SM’ ,, S 1 l I h S ~ / / /
*40 . 4 C IC L E S  B U RS T S 1 4 4 5 1  144 ,61 S F 5 1  I 5151  SF’S! RI 4,1 * ( 4 )  ( 3 t 5 )  < 3 )

$ ( 1 )  ( 2) ) 3 )  (4) (5) 4 (6> (71 (8) *
$ a

14 ) 5  1 14/ - I  53 11.24 4.73 3.711 * j3 ,~~’? 4.97 —0 .37 4 1 . 0 3  0.54/ 1.16
817 a 175 4u 8 .57 4 .04 2.So * 11.04 4.00 —1.0 1 * 0)9  0.99 1.:’9
922 1 17 .’ I? 6 .9 6  3.25 2.43 * / . 3 1  3 , 23  - 1 . 0 4  * 0 .99  0 . / 4 1  1 .05
925 * 180 7 5 .97  2 . 7 6  1.211 a 7 .5 3  2.13 9 —1.2 ,’ * 1.0 5- 1 .04 1.26
B29 * 3 / )  10 4,56 2.00 1 .16 * 5.88 2 .32 — 1 ,3 (1 1 . 16  1 . 0 3  1 . 5 9
543 3 * 204 38 4 . 9 7  2 . 2 3  2 . 17  * 6 .86  2 . 6 3  — 1 . 4 0  * 1 . 1 8  0 . 9 6  1 . 3 4 4
837 4 197 53 6 .50  3 . 1 6  3 . 6 8  * 9 .53  3 . 4 5  — 1 . 3 5 1 1 .09  0 . 9 4  1 . 4 ?
8 4 1  a 205 66 9.410 3.84 5.04 * 35 .31 4 ,10 — 1 . 2 9  a 1 . 07  1 .05  1 . 6 1
845 * 200 50 6 . 3 0  3 . 4 1  2 . 57  * 10 .34  3 .67  0.60 * 1. 0 8  0 .95  1 . 2 4
44 )9  4 219 4/ ,  7 . 4 11  3.21 2.75 * 13.85 3.13 9 0.1 14 1 t. :- t 1,3.5 1.3 3 7
81,3 I 7 4 4  67 9 .96 3 .86  4 . 4 9  * 13 .9 9  4 . 5 1 3  0. ’~1 1 1 . 1 9  0 .9/  1 . 4 1
861 * 181 546 j’ .,45. 6.03 17 .1,1) 1 25.02  6 .66  1 . 10  I 1 . 1 0  0 . 1 3 4  1 . 4 4
905 a i’~7 64 9.66 4 - 3 1  4.57 * 13.113, 4 . 1 /  0. -~~ $ 1.04  (I ,’3 . 4  1 .3 ’
905 4 21 1’ 25 5.45 2.5..’ 1.48 * 8 . 04  2 .4 9  0 . 4 / I  4 1 .0 6  1 . 1 6  3 . 1 ”
9 - 4 9  4 187 4 4.21 1 .714 1 .16 * 5 , 5 4 4  2 .07  0 . 46  * 1 .1c ’ 1.09 (5:4/i
‘3 13 * 177 1 3.49 1.10 0./3 * 5.36 2 .11 o .65 4 1 . 1 4  1 . 2 7  1 . 4
9 17 * 125 11. 3.71, 5.29 1 .112 * .1,4- 1 ,3- 0 0.49 * 1 .75 0.99 1 . ,~~
97 1 * 110 0 1.99 0.90 0.00 * /.01 1 .1: - ,‘ .s t * i ..’:, 1. 5 1 . 1 - I
925, * 101 0 3 .99 0.93 0 .Oo 4 7 . 8/  1 .20  0 . 4 4  * 1 . 3 2  1 .44  1 . 4
929 * 1133 0 4 . 4 5  0 . 76  0.00 a 2 . 4 : ’  (~.‘/*4 ,‘ . “,‘ * 1 . 3 0  1 .63 ,  1 , 6 3 -
‘33/  a 113 1 1, 90 0 .4 3  1.122 * 1 .13 7 0.70 - 1 .3 3  1.6’! 0.os .4,0/
9 4 1  * 240 30 4 . 3 7  l . ’ 9  1 . 4 7 * 6 . 4 3  2 .2 1  — 0 . 7 $  a 5 .39 1 . 10  1. 4)

94 5 4 228 16 2 . 8 4  1 . 17  1 . 2 1 4  * 4 . 5 4  1 . 1 .9  ~ 7 . 4 1 i  * 1. 16 1. 1.’ 1.6 0
949 1 2 0 2  3/ 4.73 2.19 1.1)5 * 6.66  14.66 — 0 . 8 0  * 1 . 2 1  1 . 01  1 . 4 1

TABLE lx(d)

i-,Utlt i (tRY O F RAW III III i.,5 t.-oi .I. N~’-I Fl. .~—.~l J L I ~ i— Ni-’,’ F/ l II ’II’ F,1141’l )-

Rut_I..,, Fl 1 LH, lit - I Is HOUSE (1,( .L I 1 FA1  j t.1i45 ’ . A ”J J I I II t , k f - l l - ~’ IE ILk
SEA LA NLI P1) L EA,4 1 19 73—197 ’ S  W L N ) L k  51 .1 - -N 1 111,005 4 ,4 W E s 1

< — — — RA1’AlI - — — — 1 ’ < — — —  ROLL — — — — ‘ ‘ .— — —  F I l t h  — — — - — — V l S I  A 1 I ,  — ,/-(—~-L A1 , 1 l I l I — - ~~~_ ’ ’ —  100I ’ ’ S  — —

11. 1 • 4 . 0  Rf 001411111 4 . 0  RFCUR’tt :r’ - 5 .0  14I’COl- ) ’Ft’  4 .0  II 1 4 / 1 . 1 4 3  4 . 0  b, uI- I’ l l’ 4 . 0  RI ‘051 1 3’
14)1,4 (51-IS) F x I 5 4 4 1 *- 5 (14144.1 1511414 /CS (1454.) FX1RI :llI’ s 4 14114 ;) I ,5 4 , I I * < S (1(151 I c  r54 r i , S ( 14 - I S I I 4 4 5 ( 5~~I S

Nt) . FT 4 1  5 - 1  L IEu 3.1 6 lIED [‘II” I’I - 114/ ( 0 1  ,G)  (15 1 10)  (Ii ) ~~,) FT Fl 11

81 5 .56. 37 — 4 4  s . 8  4 .  —7. 2.11’ 1. 7 - .‘.l 0.49 0.4 —0 .4 o .17 0.1 -0 .1 9. 7. -
8 ) 7  3 4 .  .34/ — 3 2  4 . 5  3. -5 .  1.11 0 . 9  - 1 . 9  0 . 4 0  0. - I - 0 . 3  0 . 1 3  u I  - 0 . 1  6 .  5.  — 5 .
822 29. 25 -24  4 . 6  .4, -3 .  1. 5 1 .0  — 1 . 9  0 . 3 4  0 .3  - 0 ,3  0 . 1 7  0 . 1  - 0 . 1  ‘.. 4 .  — 4 .
14 . 5  ‘ 3 - .  24 —20 4 ,13 :‘ . — c’ .  1.3 0,3. — 1 . c 0 ,4 1 1  0 .2  - 0 . 3  (‘ .1? 0.1 —0.1 5. 4. -5.

43 . 9 .‘,‘ , 1”) -19  5 ,3  3. —Ii . 1. 0 0 . 5 — 1 . 1 4  0 . 2 4  0 . 2  — 0 . ?  0 ,14 0.1 -0.1 5. 5. — .3.
1133 :42 .  21 -2 ,4  4 . 3  3. — 4 .  1 . 4  0 . 4  — 1 . 6  0 . 7 . 5 0 . 2  — 0 . . ’ 0 . 1 7  0 . 1  — 0 . 1  4 .  3.  — 3 .
8 3 /  29. 23 -7 . ’ 3 . 7  3. —3.  1.5 0.6 —1.9 0.34 0.3 - 1 , 3 0 . 1 1  0 , 1  — 0 , 1  4 .  3. — 3 .
9 4 4  36. 30 4 . ( l  3. —5. 1.5 0.44 —2.1 0.34 0.4 — 0.3 0 .12 0.1 -0.1 11 . 4. —4.

1)45 3 ’ ) .  30 ‘-37 2 . 9  3.  — 2 .  1. 4  0 . 8  — 1 . 7  0. 40 0.’ -0.3 0. 1,9 0.1 -0.1 3. 3. —
~~~.

849 1’ ’ . 211 — 4 0  2.9 3. — 3 .  1 .3  0 . 7 — 1 . 5 4  0 . 3- 0 .3  -
~~l . 3  11 ,09 0 .)  — 0 . 1  4 .  3. - 3 .

‘44/ 3 33 .  28 - 4 5 , ,  3 .?  2. — 4. 1 . 6  1 . 2  — 2 . )  0 ,3 5  0 . 4  - 0 .3  0 . 1 1  ~‘ . 1  — 0 . 1  4 .  4 .  - .5 .

861 60. 44 —5 1 5.4 .1. — 9. 2.4 2.5 —2.1 0.4/9 0. ’. —0. 1 0.16 0.7 —0.2 7. 6. —7.
9 4 / 1  35. 29 — 4 7  4 , 7  2. —6.  4 . 6  4 . 0  — 1 . 7  0 . 4 0  0 . 3  — Q , . 4 0 . 1 4  0 . )  — 0 , 1  5 .  4 ,  - 4 .
905 24. 140 —19 4.4 2. -6. 1.7 0.4 — 1 .9 0 . 7 /  0 . 2  —0.? 0.1? (1.1 —(‘ .1 4. 3. -4.

909 19. 15 - 5 9  5 . 3  1. — 7. 0 . 8  0 . 2  - ‘, . 4  11. 39 0 .2  — 0 . 2  0 . 1 3  “ .1  -0 . 1  4 .  3. — 4 .
91 3 23 .  18 —20 10 .1  5.  —1 2. 9 . 9  0 . 4  - 1 . 3  0 . 1 9  0 . 2  — 0 . 2  0 . 73  0 . 2  — 0 . 2  4 .  4 .  -3 .
917 ‘20.  4 7  —17 9.5 3. — 32 . 0.6 -II . ) )  - 1 . 2  0.13 0.1 - ‘.4 < ‘ .20 0.14 —0.2 4. 4. -3.

9141 1.’. 50 -II  5.5 4.  - 6 .  0 .6  — 0 . 1  -1.0 0.Oo 0.) -0.1 I’ . 1 .4 0.1 —0.1 2. 2. —2.
9 . 4 /  13 . II II 5.9 7. -1. 0.3. —0.1 — 1 . 1  0 .06  0.1 —0.1 0.13 0.1 —0. 4 .‘ . 1. — 2 .
929 10. 9 -9 4 . 3  3. - 4 .  0 . 7  0 . 1  — 1 . 1  0 .08 0 . 5  — 9 . 1  0.10 0.1 —0.1 1. 1 . — 1.

9/ ’  7. 6 —7 3.3 5. 1. 0.1. ~O.2 —1.0 0.04 0.0 -0.0 0.08 0.3 —0.1 1. 1. 1.
9 4 1  1 / .  III - 1 4 4 . 5  9. 2 .  0.8 0.2 - 4 .1  0 .14 0.3 -0 .1 0.11 0.1 --0.1 2 .  2. - 2 .
945 13. 12 - 1 2  4 . 9  7 . — 2 .  0 .7  0 . 5  - 1. 0  0 .11  0 . 1  — 0 . 3  0 .12 0.1 - - 0 . 1  2. 2. — 2 .
949 5 9 .  14 — 4 5  5 .7  8. -“ . 3 . 3  0.8 — 1 . 4  0 .2 54 0 .3 — 0 . 2  0 . 1 5  0 . 2  — 0 . 5  3 . 4~ -3.
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TABLE X(a)
hIJIl IlFIR 1’ OF I MR l O b ”  l~tJt ) I\ Itt- s T~ LUkEE ‘-~f-- ’uN DJN6 113

INTER’YiiL S SF 1. F L  IF I ’ FOR WAVE MEt E R I.’ATA RF,DUCt ION

SEA LAN D MC L EAN 1 1973-1974 W I N I E R  SEASON 1 VOY A U [ 34 [08*

D . L .  IMR T MR IMh~
F:!),) 104 1’ 1I4I’~ I NIV T IFE SPEED PROS (‘RAFT SEA /A IR
N (I . 1)14. NO. NO. [ ‘A l E (14*1!> LATITUDE LONOI TULIE COURSE 51. 144 /14 FT. TEMF’

1009 1~~’ 3 9 01—29— 7 4 2400 082 32.3 232.0 29.80 45/45
101 ,1 157 4 13 01-30—74 (1400 089 32 .2 131.7 30.10 45/45
lvi? 15/ 5 17 01-30-74 0800 087 32.3 132.0 30 .06 64/49
1021 15/ 6 21 01—30—74 1200 40—31 N 59— 02 14 090 32.3 131.8 30 .11 6”/ 52
Ii- :.) 157 7 26 01-30-74 1600 40-31 14 59—02 54 090 32.1 3 , 5 1 . 1  30.08 5 9/ 5 5
10129 1 5 /  8 29 0 3 - 3 0 - 7 4  2000 40-31 N 59—0 2 54 090 3 2 .2  1 4 1 . 1 1  30 . (> 2 58/5 ,2
10.4: 1 15 7 9 33 0 1 — 3 0 - 7 4  2400 40— 31 14 59— 02 54 090 3 : 4 . 1  s i ’ .S 30 .00  66 /60
10,3 7 157 10 37 0 1 - 3 1 - 7 4  0400 4 0 -3 1  N 59-02 14 090 31 .9  13 L . 1  30 .00  65,55
1041 157 11 41 0 1- 3 1 -74  0000 4 0 — 3 1  N 59-02 54 090 4 2 .2  1 3 1 . 7  30 .00  3 4 / 4 4
1045 157 12 45 0 1 — 3 1 — 7 4  1200 40-59 14 43 -014 54 090 3 2 . 6  13 3 . 1  30 .05  5 / / 5 2
1049 157 13 49 0 1- 3 1 - 7 4  1600 40— 59 N 43 -0 13 54 073 3 2 . 3  13 2 . 2  30 . 06 6 1/ 5 . 5
1 40 1 3 5 9  14 I 0 1 - 3 1 — 7 4  2000 40-59 *1 43—0 8  54 073 32.1 13 1 . 0  3 0 . 1 0  5 7 / 4 8
1105, 159 15, 5 0 1 — 3 1 - 7 4  2400 40-59 N 43 — 0 8  54 073 3 2 . 3  1 411 ’., ’ 30.10 5S’43-
1109 1 5 9  16 9 02-04-74 0400 40-59 N 43-08 54 073 31 .8  1 4 . 0  30.1)9 51’ . ’4 5
1113 15,9 1 7 13 1)2—0 1-74 0800 4 0 — 4 / 9  N 4 3 — 0 8  W 073 3 2 . 3  13 2 . ’) 30 .0 5 5 4 / 4 7
1 117 159 113 1/ 02-01—74 1200 44—27 N 27-18 W 072 32.3 132 .1, 30.09  53/6< )
11. ’.’ 159 19 22 02-01-74 1(~OO 44—2 7 N 27—154 54 077 37.4 13 1 .6 30.00 53/50
1 1.1 , 159 20 25 0 2— 0 1 - / 4  2(100 4 4 — 2 7  N 2 7 — 1 8  54 072 32.3 132.0 29.09 52154
1 129 159 21 29 07—0 1—74 2400 44-27 44 27—18 54 072 32.6 133.0 29 .75 52/50
113 4 159 121’ 34 02—02—74 0400 44— 2/ N 27— 18 54 071 32.4 132.5 1 9 , 6 2 57/ 4 5
113/ 159 23 37 02—02—74 0800 44--27 N 27— 18 54 071 32.6 133.0 29.57 5j/47
114 1 159 24 41 02-02—74 1200 40-10 N 10—20 54 071 32.3 137.0 29.41 54/48
1)4 5  159 25 45 02—02—74 1600 411-10 14 10—20 54 071 32.1  131 .2  29.15 53 /44
) 14 9  54 / 9  26 49 02 -02— 74 2000 48—10  N 10— 2 0 W 071 32 .2  1 3 1 .6  2 9 . 8 0  50 4 /

TABLE x(b) -

51.1 — MARY ~iF ThR LOb --HO OK I:I A 1’A CORRESF’UNL’ t NI:; ‘10
IN IF. RVALS SEL,Ec’rt,,I,’ FOR WAVE: METER IJA rA RED I,IC~ r ION

SEA LA NI, MC LEA N : 1973—1 974  WINTER SEASON I VOYAGE 34 EA S !

11.1. cR11 W!r1L ’~ S-EL WAVE S-CL S— SWELL , — ’
SI-UN SEA I’ IR/SF’E F L[ ’  WA V E NT .  SWE L L NT LE NDTH
NO. STATE / 151 > DIR FT. [1141 FT. F E .  V ISUA L WEAT HER /T Mr4 LOG—BOON COMMENTS

1009 2 1/2)--! 5 172F 1 1774’ 2 150 CI FA R /
10 1,4 2 179!’! 5 179F’ I 179E 3 150 ClEAR /
1017 2 194 / 5 195’ 1 1771- 4 150 III 1,4/! /
1021 2 0 / 5 0 2 180 4 150 OCAS ! /
1023. 3 115/ 8 118 2 180 13 1 5 I ~ 00081 /
103 9 3 115/ 8 115 2 180 5 110 OCA ST /
10:43 4 44/’;/12 44/5 2 14/10 5 14/0 01.051 /
1037 4 2 : 5 / 4 2  2141; 2 180 5 150 OL(,Sl /
1041 3 1 18/ 10  115 2 180 5, 150 a LA S)  /
1045 2 115/ 5 u S  3 100 8 14/~J 4 / !  II l i t  /
1Q’, 9 2 9SF’! 5 95P 2 152S 8 14/u 4 / 1  III’ /
1 1 0 1  2 1-1,1 / 5 501- 2 15’ .’S 8 150 4 / )  CLI ’ ’ /
11 05 4 951/ 12 9SF 2 1525 *1 14/0 F !  CL I ’Y /
1109 4 94/4 /15 95*’ 2 10/ 0 8 150 P 5  11114’ /
4 1 1 3  4 13 8 1 -/I S 118*’ 2 *074. 41 150 F T  LL[’Y /
1 1 1 7  5 11/1/20 11/P 3 63S 8 150 1)1 CIt Y /
1172 7 15 , 11 /30  1 5 ) 4 /  4 635 II 150 F! CL I ’Y /
11 :4 5  7 11/1/30 11 635 6 150 Fl II lIT /
U :9  7 1 /5 5/ 30  1 75S 4 6IS 6 450 P1 CL I’Y /
* 1 . 14 5 1614 / 110  161P 4 64S 8 14/0 00051 /
11.17 3 1631:1 0 16 S F - 4 64S 54 (50 O LAO T /
1 1 4 1  5 645/20 645 3 64S 6 150 OCAST
1145 5 1545/20 1548 3 64S 41 150 OCA ST /
4 1 4 9  3 1546/10 154 5 3 648 1 300 F T  C(, L ’Y /
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TABLE X(c)

4t ” ) E ’ 4 , E 1 ’- ,IJN t I E -  Iti t I- ’~E ~, 4 l ~~~ S I NI- . i ’ i I Il :’- }W ’  ‘)i’ R I  E s I F  I I  r’J LI I I’)l, ~- . l I ’ l  ~‘
‘ -

LI I I N  ‘i ~ kI ~I-- ’ t I N 1 t t i - l r ,  F’, si , I l t ( U , I 1 1  ,-~~~i H—I R E HIsI . , I~ :. i t l  Ij: ) t)ij))’,l( lIl I ) ( J . t l t - ’ , i I~~~’ l
. 4 0  ION) ’  1’! ) E u N  1 ~Y / 3 ( ’ ~ .’4 1~ , l ; 4 l  1. 51 ,54 - ! , : )  1 VI) ,,’ ! - ‘I 1,’- ’ ; !

* rh)~ ( 1 4 / 4 / 1 , 1 ’ ! — — — - — -‘— -  a - - — - I, .) , ,  IiAl ’, I T ) , ’ (,IIIl, , - - - — - .4 — — ) . !,1!’-Nl ), ‘ , T 1 0 5 — — .>
3 1), ’ . N I ) .  113.4 (‘1 I-)-- ; 4/)~~ 4 - , I i ~~.) - 1)4 - . 1 ,4,. 4/4- )

L’ .I - * COO) I’,! 1 — 1 4 /  1 4 II - I 1)’ ’ ; )  • 0) ‘ . 1 1 - , ,’) ,- (4, , 1 - 0 1 1  hI ‘-I * ( 7 )  ‘ 3 - , (, , ,.
4 , 4 1 1 )  * 1 1 4 ( l ( I L 5 -,fl 1- 4 (44 / 4 511-14.8  4 1 4 , 1 4/S / 1 4 / I  - - .  1 x , l - t r l ) ’~ 4, -i- ;) 4. ’ l - ~~ ’ 4 / , *  / / /
NO. 4 / 4 1 4 .1 4 /  1’: I04. l5 5 1 S t  4. 4 ).! 1.4 1)4 1, 1 II, ) Ni-SI * 1-1 ) ( 115 )  ( ( 4

* 1 1 1  ( 7 1  ( 4 1  ( 4 )  ( 4 . )  * ‘~~‘ )  , 7 )  (II >
* 4

1~~3 9 .  4 0 3  0 2 . 7 9  1 . 1 5 -  0 .00 * 1 ,4~l 4,4)’- — ‘ 9 ’* 1 . 7 1  1 . 1 4  1 .14
4 0 1 3 * 14 c. 0 4 .4/4 1 . 4 - 1  0. ’. ’ u ,  -1 .l’ l 1,~ ’5 - ! . 4 / . ; a  ; .:‘v  1 . 1 7  1 . 17
l O l /  * “ 5’ (3 3 . /4  1 . 6 1  0 . 4 / ,~ I 5,34 2.:/ —2. .’.! * 1 . 4, .  1 . 1 .’ 3 . .): ’
10. 2 * 109 0 ,‘ . 3, 1 ,  I - - 0. lu p 4 . 4 / ’ . I .4/1 3 . ’ , 4 , I . ‘ - I  1. 9” 1.

94 0 ‘,77 1.4_ I 0..’ I 5.05 .‘ . 12  1. 149  1 . 4 ~i .~~‘ .‘ 1 . 13 .’
J O . - .’ * 1014 0 .1.4)’ 1.4/ v.v, l  * 4 . 9  - 1 .V4 ~ 1 , 4 ( 4  1. ‘~1 - , ‘I’ 1 . 4 . ’-
10 ‘ 4  I I ‘7 1 Q -1.7.5 I . ‘- ‘ I . ‘ ‘ ‘ . 4 ,134 1’ . I 0. 4 .3 1. 2 - ) - 49 1 .11
I)’~ / * - 1. 3 4 13 3 .7 3  1. ‘Ic, 0 .9/  * 5 , 4 - 1  1 . ~-4 (1 , 4,4  * I . -‘ I T . 16 3 .4 ’ .
1 o 4 1  I’ d .4 4 . ’ ,. ’ 2.21 0.1.7 * 5.1114 . 61 0. ’.’? 1.!’- T . , 1  1 . 0
lv’ !’ - * 1 4’  151 7 . 1”  ,1 . : ’ 1. ’ J  * 8. ’- ’  3 - / N  (4. / I  * 1 . 1 ~ 1 < ) . -/4/ 1 . 20
J ,,49 * 3,),; 0 T , , - 4  2. - ’ )  0 . 3 4 ’ )  4 ’ .. ’ - ’ 7 . 1) 0.~~/, P 1 . / 0  1. 13 1. 73
11. - I  * lOll 8 7 . 1 1  2 . - S  1 . 1 4  * 7 . / I ’  / . . ‘~ 0. 91 1 . 1 - /  (“ . 4 / ’  2 . 1 4 /
1 1 , 4 /  * 1 1 ’S 17 5 . ; ’ )  .‘ ./ l  1 . / v  4 9 , 4 /  3.~ -/  0 . , - ’ ?  3 1 . 3 ,  1, - I  3 . 1 / .
1 1) 9  * 106 IS, ö. ‘r .  2 .~~.’ 1 . 4 1 4  * 41 . 4 / ’  (.9,’ 0 : - I/ * 1 ., ’- ) l . ) 3  i . .411

* 1 1 3  * 10’? 11 o • 4/It - , - i’~ -, 1 . . ‘ :-  * 4/ - ,)4 3 . - ’ ’ -  0. 0 ’  * 1 . : 4  1 • ‘ 1 . 2 . !
1 1 1 /  4 93 I)> 41.// 7. 11  1 . . .,: * 11 . 11 ~.// 1. -S • 1.2 . )  0 . 1 1 - 3  (1.9’,
1 1 1 /  * 94 .3 7.28 ;y, 94 1 . 4 3  • 9 . 3 ?  4 . ’ - ’) J . / - I P J .7’ I  3 . .,;) 3 , 79
1) 115 1 69 1 ~,. -)1 4.7/. 0. ’5, * ‘3. 113 - 00 ./1) , , - ,‘~~ 1 ,~~ - ’ 1 . 4
11 19 * 90 0- 6. ” .! 2 .84  O .” O  * 9. ’’ . I.c’’) 2 .0 -  • 3 , 4 4  1 . 15 ,  1 . 45,
1 J , ’4 * /5 -I (4 .04 3. 4/  0 (4 9 I 7, ’) .4.4/’ 3.4/4 1 . 1 4  0 . 44 , ,  ,, 05
I l / ?  * c- -I I 6 .50 ~~~~ 4), -‘-2 a 9 .7 0  3 .6 3  1 . i~~’ I , ‘ ‘ ‘) . - u  I , - ) !
1141 * 414 0 - . .92 .4 • ‘ 3  0,4(1 * 7.4/-I 4 .0  .90 4 I - : 7  - I ~ 1 . 1 4
3 1 - 1 3 -  * 49 (3 7, 11 .4.9’’ v.u,j , 9.4/ 4.4/ 1.116 V 1.14 1 . 4  1. ’ )
4) 49 * ,~~ 0 -I • 4/  2. 44/ , 0.  ),(‘ * 4 , .  ‘11, .3 . 4 9  1 .4)9 * 1 . I 9 1. ;‘‘ 1. :  /

TABLE x (d)
4_ , I l~ r ) ’l(,I’,’ ) t I E  I’~,~~l~l 1t1 t ,~.I ~,,I sir—I -:~ : 1 1  I - i  I- - I ll-,- F’.,J I-~ k ()rJ - , -d-

F’ j . I I~ J I l L- I”, l-lUJl ,mL . L ~:E.LI: s ,, I!1 ’ I t j 34 t~~~ ( ( 4 \ ’ t )  I.I~ I- F- E-: sE 1

54/ .’. LA N!’ 5’ ; L I - I - N  I 1’3 .’ I 9 /- 1 8 11411- R’ i,0 (l4-I1 14 3 7 H Y , ” - 4  .44 I 04 , !

RA1 ’AR - ‘ — ,-- - Ul t h i d)  - -- 0 1 4 / ’  o’:S~~I - - - . - — L A ’  1’ L O I L — —  F,,, Nt c — — .‘

0.1 • 4.0 4 ,  ~‘4 / ’ - ‘ 4 . 0  c 2 )  , 4’ :t ’ ,_ i’ 4 . 0 I I- F C ;~ ‘ 4 .1 ’  4 . 0  .1 Ll ,4 ~l , 4  [I 4 . 4 /  E U ’ ’ -  I’M- 4.4,’ 4/~~I ‘- - i l l .

RUN ~~~~~ I 4 l4 - , F ’-’1 S (I,I1~~~’ 1 * 1 4 ( 1 4 4 .  (01)—- ) 1 4 1 1 - l o L l -  (Nt IS,  F~~II - l I 4 / 5  U~M” )  L\ II’l l’11, U i ’ S:  4 . 4 ) 4 / lIES
144/. Fl F T  II 1’E~, [‘10 [‘4/1. [III, (‘i - u [‘1 5, (0 )  (I) ) ( 1 4 >  ( 4 / )  , , )  ,), ‘ F T  5 1  I I

1009 1” . 1 4 .  —1. ’ . ‘ .. ‘~ 5. —-I . 41 ,5 -(“ ,O — 1 . 1  ‘‘ .10 0, ’ — 3 4 . 1  0 . 14  i’.) —11. 1 7 2 — 2 .
1~~1 3 71 . 2 )  • - - 1 4 ,  ‘3 . 5 , .  — 1 1 ’  • 0 . 4 /  — 0 . 1  — I .2  ‘I. 10 14 .1 —0.  I 0 .77  0..  — 0 .  - - - ,  —J
101/ 1’). (6. —34/ ’. ‘t .I I.. —1 ’). (‘.5 0.”! — 1 . 2  0 . 10  0 . 4  — 0 . 1  0. - I  0 . ,5  v - .

102! 1’! . 16.  — 3 , ’ . 4 . ’’ .‘ . — 1 .  0.4 — 0 .) — 1 . 0  0. - ‘ 3 0 . 5  -‘3.) 0 , 1 3  0 . 1  — 0 , 1  4 .  1±.
1073 1” . 7.2 , — 1 )4. l1. ’c ‘,. — 1 0 .  (‘ .5, 0 ,1 1,I 11. ! ’! (..1 -0.1,  13,1” u — 0 . . ’ 4 4 - 3 .
10.’’? III . 1.) . 13, . 4 4 . 1 4  4 .  — 9 .  0.5, 0.1 — 1 . 1 2  0 . 1 2  c l . I  - Cl .) 0 . 2 ) 4  u — 0 .?  4 4 ‘12.
11, 4 3 11’ , 16. — 1 . ’ . 7.1! .3 . —10. 0./ 0.1 — 1.7 0.15 3 .1 - 0.1 I> 1 3 . 11 . 1 2  — 0 . 1  -2 . 4. - .3.
41 , 1 /  ‘ I .  I’) . — 214 . 9 .1 1. — 1 0 .  0 . 8  0.3  ‘1.4 0.19 34 .2 -o . : ’  0. 4/) 3 4 , .~ - - 0 . 2  4 .  -1 , - 4.

104 1 , ,‘ . .11 . — I l . 4 4 . 0  5 .  — 7 .  1 . 0  0 . 4 ,  - 1 . 6  v . 7 4  ‘ ) , 1  — 0 . .  0 . 1 3 4 (1.1 - -0 . 7 5. 4 .  — 4 .
1, 45  /“. .‘ ‘ . — ‘/‘ . ~ .4  I, .  — 9 .  1 . .  1 . 1  — 1 . 9  0 . 39 3 4 . 3  -(‘ . 4  0 - .’ .’ 0 . ”  — 0 . 2  6. 4 . - 6 .
3 1j49 3-I.. . 1  • — 1 9 .  1. ’ . 1 II. — 1 0 .  1.1 0.6 — 1 . 6  0 .24  u 2 - 0 .7  0 . . - ?  0 . 1 2  — .:‘ ~~ ~, - a ,
11(11 , ‘ - . 2 ) .  — 1 5 ) .  1 . 1 . 9  9. — 1 2 .  1. 1 0 . 6  - 1 . 6  0 .2 4  0 .2  — 0 . . - 0 . 5 8 ‘.) ‘ 3, 6 — s .
II”, . 6 .  7. ’ . — ,‘ ,‘ . 2 3 . 1  11. —I I .  1 . 1  v . #  — 1 . 5 ’  0 ,74 /  II..’ — 0 . 2  0 . 3 1’ 0 1  - 0 . 4  6 / ,  - 5 .
1 1 4 1 /  / 6 .  2.’ . - 2 :,. 14 . 4 1  I l .  ~ l l ’ . 1 . 0  0 . 4  — 1 . -i 0. ’~

) 0 . . ’ -~- , ~~1 (- .40 ) ) . 2  — 0 . 7 6 ‘. , - - 5 . .
1 1 1 4  ‘8. .71. - ,1’ . 1-1 .9 I, ’ . 1. ’ . 1 . 5  11.4 — 1 . 6  0.123, 0 . . ’ - 0 . 2  v . 4 / I  0..( 0. ,4 6 ~4 - 5 , .
( I l /  ‘ 1 .  .‘ ,‘ . - - 110 .  1 6. 0  1.4 .  - - 1 .4 , 1.0 (‘ . 4 — 1 . 4 /  O . . ’4 0 . . ’ — 0 . 1  0 .3 5  (‘ .4 - 0. 3 9, 9.
11.’:’ :’/. .’I’ . ,’o. I s . 2 13.. — I , ’ . o . s 0 . 5  — 1 . 3 4  o . . s s 0 . :  — 0 . ?  ~1~~~4.) 0 . 2  - 1 5 . 4  I’ . ‘1 , - i ’ ,

III’S 15- . 24.  - 1 ’ ) .  3 / 9  11,. — 1 4 .  1 .0 _ 0 . 4  — 4 . 6  0. -I 0. .’ -- 0..’ v .3 ’- 0 . 4  - 0 . 4 0. ‘ . - 6 .
( I , ’ ’ ? 1 5 ,  30 , - - 4 . I I i . . ’ 1 7 ,  — ( 4 .  ( . 0  0 . 14  — 1 . 6 O . . ’ 6 (1 .3  — I ’ . ?  t~.4l 0..I — ‘ , . . ,( 1 2 .  I I’ .
3 l 4 4  ‘40, 13. — 73,. )‘?.l) 1/. —1/. 1.1 0.6 — I.? 0.7/, 0.7 —0.2 0 . 1 ’  ,‘ .. ( —0.4 14. 1(3. —9.
i l _ Il 3 * .  11, . — .‘ .‘ . 19.6 I?. —II ,. 0.14 0 .4  - - 1 , 5  oMII 0 .7  - - 0 .7 II . .)) ‘ . 4 - - . 1 . 4 IS .  1 ) .  — 1) ” .
1 1 4 1  30. .4. 4 . - - .‘. .  2 4 . 4  1 4 .  — I I ... (1 ,7  0 . . ’ — 1 . 2  0 . 4 4  0 . !  - 34 , i  0.4 , 1 1 , 5  - 1 , 4  1 . .  I I .  0.
1 1 - 1 :, .14.  .1- 1 . - .~~l . 11.1.1 17.  — 1 / .  0 . 1 )  0 . 7  — 4 . , ’ 0 . ! ’ ’  0. : — 0 . 1  0 . 1 - I  0 , 4  - 1’ . . )  1 6 . l~~, — 5 1 .
j 1 4 9  .54 • .1  • — 1 /  • 1 .1.1 4’. — I I  • 0 . ) )  ( 1.1 — 1  , 1 0.1,4 1 1 . 4 /  - - 0 .0 0.. / 0. 2 - 0..’ I I -  • I i • — 4 1
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TABLE Xl (a)
SUMMARY OF’ 1MR L.,O1j ’ 11~k III’., [ IA  I A I. , IIkFOI ~- F ’ t tNN I. NI .~ I

INTERVALS sELECI’E:LI F OR W ’ IV F . ME i ER j,144 I ~ R’E . l ) I ,IL I I O N

SEA LANE) NC L EAN 1 * 9 7 3 - 1 9 74  W iNiER 513)5014 1 (‘1)46 !.)’ 34 WEST

O . L .  1518 1118 IlI R’
RUN TAPE 15113* 1511 V 11511 SI”! 11’ l - 4 / ’ ) 4 -  4 , ) .  04 - I 4/I (1 ‘ ,1113
NO. NO. NO. NO. [S ATE 3 4 ’ j ! )  L A ! L ! U t ’ E  L0t41 ) I tu I ’ E COURSE 5 1 .  5 4 / N  F l .  11)14/

1209 161 3 9 0/ 03. - 7’) 0400 .108 .5.’ •3  2 . 5 . 1 , 0 ; o . H 2  4 3 /4 0
12 17 161 4/ * 7  0 2 — 0 6 — 7 4  I.” 4/ I S - .’?  N 08 - S I  8 2 7 /  3 1 . 9  1.4 0 . 0  /9 .09 4 6 , 4 ”
12 28 161 7 28 01 - 0 6 — 1 4  20C0 4/! )  1’ ’ N 01)-S I 9 246 30 .0  I ‘ ‘ .0  1 -3 /4  4 ’  -11
12.30 161 9 30 0. ’ 03-14 2400 58- .’~ N 08 - 5 , 1  8 246 31 .4 1 ) 1 .13 2 9 . 4 4 3  4 .-’ / 4 ’~
1233 18! 9 3. 4 04/  0 /  / 4  0400 4/34 27  .‘a ( ‘ 3 4 5 )  8 24o 3 1 . 6  I.”. 0 1 9 . 8 4 /  4 ,4 / 56
123 /  13. 1 10 37 0 2 — 0 7 — 7 4  0000 5, I i . ’i  N 0 1 4 - I l  8 1 .1 , ’ ‘ 1. 6  17 9 . 0  .9 . 4 4  4 / - 4 / I

1241 1 64  11 4 *  02— 0 7 - 7 4  1. 4/0 54 - 0 0  N 4” u 9 74 1  3 1 . 6  1 : ”? . ?  “ . 15  4 4 - ’ ’ ’)
1245 161 12 45 02-u/ - l I  1600 54-00  N lv ~10 W 23)5 3 1 . 7  1 . 1.5  2 9 . 0 4  4 15 4 4
1305 163 14 5 02 -0 1—14  24( 0 54 -00  14 30 -00 9 / 4 3  3 1 .3  l . ” ) .O  711 . 9 .4 4’ . ‘ 4 2
1309 163 15 9 0 . 5 - 0 1 4 - / 4  0400 54 o) ’ N , 40- 0 ~ ’ 8 743 3 1 . 4  1 2 1 . 4 /  I’ )! ., I  5 ,4 / 4 4
1317 163 17 17 0 2 — 0 8 - 7 4  11500 4 , 1 - / /  14 4 7 - 1 8  1* 24 .1 3 1 . 4  1. 1 4 . 5 -  ‘9 .1’ .? .4’) 34
13 21 113 18 21 0 1 2 - 0 8 — 7 4  14, 0 ,) 4 ) 5 - 0 9  N 4 1 - l B  *1 / 4 4 /  3 1 . 1 - )  1.5 ,’ .O .51 . 1 4  .4 / 4 .’ ’

1329 163 20 29 0 2— 0 8 - 7 9  2400 4!! 4/9 N 4 / - I d  C . 4 /,  3 1 . 3  1 7 , 3 . 0  . “ ..‘-I’ 11. / .54
33 3 3  *63 21 33 3 4 2 - 0 9 - / 4  0400 411 -03  N 4 3 - 1 8  8 24 1) 3 1 . 4  1. 1 4 . ’ , 19 . 6 0  4 1 ,

1337 163 212 31 02- 0 9 -/4  13)11~O 4(1 ’ u V 14 4 7 - 3 0  U 246 3 1 .8  1 411 ,0 .2 ’/ . 4 ,’ 34 / 2 1 4
1344  163 73 41 02—09—74 1200 4 1 2 — I .’ N 6.4-16 U 1545 , 3 7 . 1  3 4 4 . 0  29 .57 3” .’ 1
1345 163 24 45 02-09-74  *600 4 2 - 3 7  N 63-16  8 245 3 2 . 1  1 3 1 . 0  .“-‘ .42 .I9.~~4

TAB LE x t ( b )
SUMM,:)Ry IN’ 1MR 1 1) 1 ,) 1 1t ) t I i\  1 5 ( 1 1 ) ,  t NI- -;I~ I , I ’ I t N l ) J N ( ~ I I )

IN’I E:F~’VALS SE ,L ,,ELIEi I F-OR WAVE NE h R  il, ’l h , I  RI l f i l l  I iNN

SI.A 10813 SIC LEAN 1 19 /3  1 9 / - I  9 1 4 1 1 1 - K  -F I~~’ . I l , I I (‘344(l),.! .41 III ‘. 5

11.1, . ‘.1.5-1 W IN !’ - 551) W A VE 5 4 1  c - c . w ,  H -
RUN SEA [‘Ii-, iS) 1.11’ WA’J HI • O W E )  L 5 4 )  1 ) l ; . )  45
NO. S T A r E  / 14,1)  [114,1 F t .  [‘IN F I • S I . V l S I ) - ’,! 2, ( ‘ I l l S /1114/ [(lii- 5)0(I)’, ‘11111)1 11)’ .

1209 4 413 1/ 15  8 34/~ 1 4 5 I I  Ill /

121 7 6 1399/25 *385 5 1155 41 14/C ’ 1 ) 1 0’ - I / 4 4 )  ‘‘‘4 NULL
3229 B 1384. /IS  1,411; 5 3 ,f~.S 8 1?.,) 4 !  l I l l y  / ) IE3 )VY 550! 1

* 230 3 1 5 6 F/ I0  * 5 . 4 4/ 4 1 I . S  6 15.0 1 1  1 1 1 1 1  / k1 l ’ ING 1- 089
1233 5 1004/’ c’20 1001’ .‘ 1145 6 14/0 1) 1 ,11.1 /
1237 6 11114-/25 1141 1 - ’  2 1 11) 1, 6 1 1 . 0  14( 444, 1 /
1241 .5 l06F’ / lO 1065’ 3 1 1 / 4 ,  6 150 III 051 UI-lI, RAIN /
1245 3 1 0 3 5 / 1 0  503 1- ’ 2 1~’2 4/ 3, /340 11, 3 , - I  /
1305 3 1 4 4 4  / 10 1SF’ 2 11*’ /. 700 11  dI lly /
1309 6 49S/.5 1S 494.  5 1115’ Fl 15•0 H,~ I1 RAIN 811,40119 /
131? 2 4’/~,, 4/ 496 5 1’75 II 55( 4  CI FAR 4 01) 8141)9 /
*321 4 4/ S / 15  4 1 - .  0 74/S 15 ’  ‘OO I)CAI.1 SN(J W / 14/1 5 1 ) ! ) ’  ROLLING HIGH S W I l L

* 3. 9 6 925/2 1. 921, 2 . 1,53  5 15 ,1) ( 1 1 : 6 ’ ; !  /
1333 5 755/20 /5.8 2 3055 5 l~ .O 04 / A s !  /
1337 5 159S/20 1595 2 ? 4 4  5 14/0 ‘1 03, ) SNOW /
134 1 4 13/S/IS 13/4.  2 2SS 3 700 01051 SNOW /
1345 4 1376/15 1378 2 • 1605 2 300 1 5  (1 164 /
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TABLE XI(c)

COMF’ARIStJ N 1W’ TMR RESI,II,. IS F OR Mi [‘SHIE’ VE ,RI It.~AL F( F,N1.II.N(j S I  R~ ’SS
W i T  H C O R E  :.f- ’Up11.)i~46 RAW 1Ib ’l Ii /i’4 I TON RESUL , s ~ ‘r [‘Avi J,’SON L,ABIJRA I(iR ‘r’

SEA LANE’ MC LEAN : 19/ 3- 1974 W I N I F E  SEASON 1 ~/ OYA GE .  34 W F S J

* 
- , 4)18 RESUL IS - - — —  ~* I’ . i • [‘[611 h A l  IUN——— > *1—— C IJL )IMN RA 1206—— -’

* NI). NI). MAX 55415 4/lAX IS IS  RI’NI;E Of 2 .83*  EEL *L1.L. S WAVE 14. 1 P— I l l - I  4 ’— l O ’ l  MIII)). a RI-LUhI’E[’ (4. ,,)- !) 1 4  MEAN * ( 7)  (6 )  (6 )
RUN alNl.uCE[I M o l E  615-ISO Slk1 4.8 STSF~ ,’.* I:X IFI’MES 531451 S1KESS* / / /
NI). a CY L L E S  134J5551S Ni -SI  SF’S!  5 ) 4 / I  * 5 4 / 5 1  NI ’4 / I  EdSI * ( 4 )  ( 3 + 5 )  ( 3 )

1 ( 1)  ( 2 )  ( 3 )  ( 4 )  ( 4 / )  5 (3’ ) ( 7 )  ( 8)  a

* * *
1209 5 1 7/ 0 1. 3 2  0 .55  0 .00  * 1. 8 3  0 .7 3  3 .53  * 4 . 4 5 ,  1 .3 )3  1 . 3 8
1217 1 142 44 10 . 1 6  4 . 8 5 ,  3.3,) I 14.62 5,.1’I 0.01 5 1.07 1.09 1.44
1228 * 140 23 1 1 .0 2  5 . 1 2 - 3  1 .53  * 11 . 1 5  5.95  0. ’Fi 5 1.1,1 1.121 1. 37
12 30 * 145 19 9 . 2 1  4.15 1 2 . 3 4  5 1 7 . 4 / B  5 . 4 9  1 .96  1 . 1 4  1 .09  1 . 3 /
1/3 .4 * 125 5 8 .66 .4 . 6 4  1.0 7 a 11.69 4 . 7 , 4 1.~~4/ a 1.30 1.15 1 1 .3 ’ .
1237 * 85 34 8 . 3 4  3.413 1.3.4 a 11.69 5.19 2 .0’.~ * 1 .36  1 .12 1  1.40
1241 * 91 5 6 .72 3.01 1.1/ * 8 .76 4 . 16  0..;8 * 1.31) 1.11 1.30
114 5, * 13/ 8 8.97 4 . 12  1.111 a 17 .34 4 .9 )3  1.89 * 1.1’ ) 1 .14  1.38
1305- * 15, /  60 1 4 . 7 7  5 .80  4 . 0 3  a 17 . 51  6 . 1 5 ,  — O . 0 ~, * 1.01, 0 .9~4 1.19
1309 5 154 5/ 14 . 4 3  5 .60  5.61’ * 1 8 . 3*  5, 9 3  0.0.’ I 1.03 , 0 .91  1.2/
131 7 * 138 43 9 .26  3 .87  2 . 1 0  * 12 . 1 4  4 . ’O 0 .06  a 1 .21 1.07 1.31
1321 * 11 7 0 8 ,3 4  3 .00  0 .00  * 8 . 49  3 . 4 / 3  — 0 . 0 4  a 1 . 1 /  1 . 0 . ’ 1 .07
1329 * 498 4 5 9.3 1 3 . 4 7  1. / ’  * 9. 19 3.68 0 .18 a 1.06 0.93 1.1.1
1333 * 181 44 10 .46  4 . 3 9  3 . 6 3  a 1 3 . _ I,’ 4.54 0.2* a j.oi 0.94/ 1.27
33,4/  * 197 2 5 . 4 1  2 .36  0 . 9 2  * 6 .66 .‘ .4 ,6 0 . 18  S 1 .1 2  1.05 1. 23
1 341 $ 192 0 2 .87  1 .10  0.00 * 3 .20  1 .22  — 0 . 0 4  * 1 . 1 1  1. 1 2  1. 1 2
1345 5 339 2 1 .84  0.86 0 . 8 1  a 2 . 9 9  1.22 0 . 1 0  * 1 . 4 2  1 .13  1 .62

TABLE x i (d)

sth-IMAR’i u~ R A W  I~i I C ~IT j ’ ~‘ ~
- I I UN h-F ‘h11 _ ’I ~-; i - OR ’ RAL SA R RAN(.~F

RU ’ I • F i T C H .  1W [N HOI I~~I— Ai~~’FL.F-RA1 ’ I ( INS, ANI ’ r(.JLt ~.ER  ME I ER
SEA LANI’ MC L EA N  : 1973- 1974 811411k’  51 448 )18 1 VOY A ).F .54 914.1

844114414 ROLL - - -  - ‘ - — — —  P 1 1 1 1 4  — — - “ — — V I R’l A N ) l  - - . — -LA I  AC IEL, - -  ‘~4/-- 41)1 4/ 1)’ — — 5
D • L • 4 .0  EFCORI’ I, L’ 4 .u  SF ClINt’) Ii 4 ,0  NI ‘114- I ’ )  1’ 4 , 0  RI) I) I4)’ I I’ 4 . 0  5’) I l I l,I’I I’ 4 .0  kE1,LIS’I’F[’

kIlN ( EM S)  EX T R E MI S ( EMS)  1 - X ) N L M E S  ( E M S )  E X T R E M E S  (14 )14.) E X T R E M E S  ( EMS)  1* 1551) 114. ( RMS) 14114 1)118
NO. 4 / I  II II l u G  11) I. I’l l. I F  C, lIE U 1’) Ii (6 )  (6 )  (8 1  (61  (0)  (Ii ) 11 II 5 - 1

1209 9. 7. ‘9 .  7.” 1. - .4 . 0.3. -0.0 — (1.9 0.09 0 . 1  — 0 . 1  0 .06  0 . 1  - 0 .0  2. 2. -2 .
1 2 * 7  50.  59.  - 5 7 .  1 7 .6  7.  -1 ’? . 1 . 8  1 .2  — 2 . 3  0 . 42  (1 .4  — 0 . 4  0. 49 0 . 4  -0 . ,4 15. 10. — 1 0.
1228 56. 46 .  - s . : . 18.0 *0 ,  -16. I.~~ 1.0 ‘2 . 1  0 .43  )‘ .3 -- 0 .3  0 .3 9 1 3 . .4 - 0 . 3  19. 11.  - 11 .
2230 43 .  3. ’ . - 46 .  15. 7 9. -1 4 .  1.6  0 .9  - 1 . 9  0 . 34 /  0.,  - 0 .3  0 . 3 4  0 . , 4 -0. 2 14.  1 1 .  — 8 .
1233 36. 31’. — 4 0 .  1 4 . 5  8. — 1 5 ,.  1.0  0 . 4  — I . ?  0.73 0 . 2  — 0 . 1 5  0 .30  0 . , 4  — 0 . 2  15. 11.  — 9 .
1237 30. 4/5 - 2 4 .  9 .0  10. — 8. 0,9  0 . 3  — 1 . 4  0 . 1 9  0 .7  — 0 . 2  0 . 2 2  0 .1  — 0 . 7  9. 8. -- 5.
1241 25. 2 4 / .  -19 .  8 .9  5. — 8 .  0.9 0 .3  - - 1 . 4  0 .18  0 .1  - 0 .2  0.20 0 .7  -0.2 8. 0. — 7 .
124 5 3 ) .  26.  -25 . 8 . 3  5. — 1 .  1 . 3  0 .4 /  - 2 .0  0.21 0 .2  - 4 1 .3  0 . 1 8  0 . 1  — 0 . 1  9. 7. — 6 .
1305 4 4 .  33.  44. 8.0 5. -1. 7. 2 1./ ‘-2 .4  0.5(1 0 .4  — 0 . 4  0.19 0 .?  —0. :’  9. 7. — 7 .
1.409 4 . 4 . 40 .  - 43 .  1 0 . 1  8. - ‘ 3 .  1’~~l 1 . 7  - 2 . 3  0 . 4 /  0 . 5  - 0 . 4  0 .2 3  0 . 4 /  - 0 . 2  9’ . 9 . — 8 .
131 7 4’). 33. -47. 16.15 9. -1 6. 1.3 0.6 -1.9 0.30 0.3 - !~.,4 0.35 0.3 —0.3 14. 10. -9’.
132 1 33. .51. — 20. 16.5  7,  - 1 6. 0 .7  0.0 - 1 . 3  0.15 0.1 — 0 . 1  0 .36  (‘ .3 -‘0 .7  13. 11. -‘7.
1329 1 5 5 .  26.  — 2 5 .  4.0 — 1 ,  —8 .  1 . 1 5  0 . 5  — 2 . 1  0 ,74 / )  0 . 3  — 0 . 2  0 . 1*  0.1 -0.1 5. 4 .  —3.
1333 34 / .  31.  - 4 / .  4 . 6  2. —6.  1. 8 I .?  — 2 . 2  0 . 4 1  0 . 4  — 0 . 4  0 . 1 . ’ 0 . 1  — 0 . 1  4 .  4 .  — 4 .
133/ 19. 15. -16 .  3 . 9  2. — 6 .  1 .0  0 . 4  - 1 . 8  0 .23  0 .2  -0 .2  0.09 0 .1  - 0 . 1  4 .  3. — 4 ,
1341 11. 13.  - 10. 2 .8  —0.  —5 .  0 .7  -0 .0  — 1 . 3  0 .12  0 . 1  -0 .1  0 .07  0 .1  - 0 . 1  3. 2. — 2 .
1345 12. IS. - 1 1 .  5 . 3  1. ~ 8# 0.6 -0.0 — 1 . 1  0.07 0 .1  - 0 .1  0 .12 0 .1  -0 .1  6. 5. -4.
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TABLE XII (a)

SI .JM MARY OF’ TM R L. ( .)G- -~~U1)N NA I A I IRRE s 1-- ’(JNN I Ni ’ I LI

J:N’rERVALS SELECT E I” FOR WAV E: , ME: I I  R UA’I A RE !IIIL i INN
SEA LANL I MC I- FAN 1 19/3-1974 W I N I I N  51.0131114 1 V OYAUI 4 ’ - 105 1

11,1. • TIlE 44/IS TMR
551)8 10) 1 INlux 1N TU T I M E :  3 , 14) 1’ i l- U) ” 1 4 / 3 4 )  1 ‘34.~
N)) . NO. NO. NO. [ ‘ATE (GIll) LAT ITULI E LONI,11U1)F CIILISSE 551 . EFIl 4 / I .  ) 1 4 / 1 #

1 405 165 3’ 5 02—1 7-74 2000 40-75 14 7 1 — 0 1  8 079 3 2 . 4  1. 4 3 . 5  151 .00 .1.4/34
14119 !~~5 3 9 02—1. ’ - /4 2 10(5 4C’-25 II 2 1—0 1 9 079 .42.4 1 .42.0 30.00 43/36
1413 13,5. 4 13 07 — 1 3 —  / 4  04”O 40- .’l. II 7 1 — 0 1  U 0/9  32 . 4  1 .‘. 4 :4 0.00 4~,/ , 4
14 17 165 4/ 17 02— 13—/ 4 04100 40-75 N 71— 01 U 079 32 .3 1 42.3 34.04 51.36
1421 165 6 21 1l .’ - 13 — 7 4  12050 4.’ - ,41, N 51, 02 U 0/9 32.1 1)1.1) 311 .10 44/ ‘5,
14/ 9  165 51 29 02 — 1 3  - 7 4  20°0 4 2 - 3 1 ,  N 4/5~~0,1 U 0 / 9  .4 .4 I 4 .0 3 o . 18  4 / ’ i S ,
14 -4 3  165 9 33 0 2 — 1 . 1 -7 4  2400 4: - IS, N ss—o : ’  U 079 3 2 .4  1, 4 .’ .4  30 . 4 .4 4 .  ~4/
1437 165 10 37 0.’— 1 4—74 0400 42—35 14 5 5 3 - 0 2  8 0 /9  3:’ . /  1 ‘7.,) 31 :2 5// 4,,

1 442 164/ 11 42 02 -14—74 0800 4 2 - 3 3 ,  N 55-02 U 079 32 . 3  1. 1 .0 .4” . 22 5 1/ 3 ’ .
1 4 45  165 12 45 02 1 4 — 7 4  l. ’ ( ’ O 4 1. - 01, 14 3 4 1 — 7 5 ,  9 079 3 : 1  1 3 1  . 4  .4 3 4 , 4 / 0  5 4 / 4 4/
1 4 4 9  164/ 13 19 07-  I4 - ~~4 160(1 4 5 - - UI N 341—7’ , U 0 /9 4 . 3  1 4 2 . 0 .31’ .lB 5 4 / 4 7
1501 167 14 1 0 2 - 1 4 — 7 4  2000 45, - uI- N 3f1—/51 U 079 3 2 . 1  1 3 1 . 2  3 1 .1 1  4 3 / 4 0
1505 16/ 15 5 02- 14 - 74  2400 4 1, - OS 4/I 30 -24 /  U 079 3:’ .2 1.4 1 . 5 .  3 0 . 10  5 .4 / ’ 4/
14.13 167 17 13 0 2 - 1 5 - / 4  011340 45 , 05 N 3 3 4 - 2 4 /  I.! 077 3 1 . 9  1. ’- 0 . 5  .9 . ’, : ’  7 . / 4 8
1517 167 111 1/ 0 2 — 15 - / 4  1 . 0 0  4/ - ~~9 14 21 -539 W 076 3 1 . 9  40 . 1,  29 .440 57 ,1 .4
15:15, 167 20 25 02 - 1 5 - / 4  2400 4 7 — 0 9  N 2 1 - 5 9  U 04( 0 17 .7  / 0 . 0  /9 ./I) S,u/1 ,O
1529 13, / 21 29 0 2 — 1 6 — 7 4  0400 47 -09 14 21-59 U 075, 1 - ’ .i / 2 , 0  79, 3’9 5 2 / 50
1 5-33 167 22 33 01-Io-74 ~~1 0  4/- 0V N 21-59 W 0753 1/.3 / . 0  .9./0 52/l’i
153/ 167 23 37 02—1 6-74 1: 1134 441— 36 14 1 1- 1 9  U 075 1 6 . 4 /  3 , 1 . 0  ~-‘9 . 7 6  5 1 / 5 , . )
1541  167 24 41 02’ 1 6 - 7 4  1600 4 1 5 - 3 6  N 11-29 U 075, 19 . 7  8 7 . 0  2 9 . 7 4  S o , 4 9
1545 167 25 45 OI.--1 6- ’/4 2000 4)1-36 N 11-29 9 075 .‘ 6 - 7  10 7 . 0  2 9 .7 3  50 / 49

TABLE XII (b)

(iF ~
‘ MR L(ii:, ’— I’IUII)I\ L’ -~[A ( 1 1k M  S E- O N ! ’  I ON I I I

[NI  f:VA L, . ’, SEt_ MiT E- I.’ E Ok WAVE ME I ER NA ! II RF. LU. U’ ’I I i N
SI:A 1.0141’ 4/IC I IAN 1 19 7 3 — 1 9 7 4  W I N I E N  ‘ - )  “3434 ) 14 1 V I)YA I4 F 35. I

‘.51.1 91141’ ‘ 1’) 1 W AV E 5311, ‘ —S UE I 4/ —
kIlN 554 /A  E’1R/ 10’1 l-.[’ wool . I-I t • I L HI LINI IH
8)1. S T A T E / 1 S T )  [‘ 1 14 Fl • 11155 F T .  4 / I  • 0 1534 , , !  UEA1)4 I ’R  / 114 14 1,06—134 1 1)5 520)11411415

1405 5- 1.’4 ) ’ :’o 1 : 4 1  3’ 1:’4 - .3 I s ’  4 / ’  d’ h’Y /
1 409 5 . 13 / 1 - / : - u 1.14!’ .3 ,‘,‘l’ 5, 1’- - ’  341 034!  /
1 4 1 3  5 1 2 4 ! - ,’:’o 1.’’) ) 3 19) 4/ 1 5 , )  l,.’ (.1’I /
1 417  5 ~~. ‘ 3 4 / 70 12 4 4 / ’  .3 1.” )) 5. 1 . 3 4  III , ‘ , ‘ , l  /
1 4 . 1  5 l.’44 / ’ / . ’0 14 / 4 4 ’  3 1 : 4 3 4  5 14/0 (II ‘51 /

14 29 6 1.41 - )  /27,  1 4  .4 4 90)’ 6 14/0 F l  CI I’S /
1433 4 leO,’) / 1 5  * 6 9 4/’ 6 1 2 4 4 /  8 .501) F T  1 ) 4  /
1 4 . 57 4/ 14 ’ ) , . . ’ 13,9 ) ’ 6 1 2 4 1  10 4/uI) S I  CI II’) ’ / 4 4 )  ‘ISi l 140)1
14 4 2 1 ‘4 ~ .) i 30 1 46 1 3. 1 2 4 4 /  10 200 4 / ’ )  1 )  I’) / 4 -Il ‘.‘5 ‘-li) I
14 45 8 1. ’ - ! )  5. ”’~, I .4 ) ’  5 1 7 4 5 -  30  /034 5 I ( I  ‘1 /I) FA V Y I~l l  L
1 4 47  8 1’)~~4 ’ ’ .Y. 1.13,1’ ?‘ 1. 4) 8 2’~5) I I  4 / 1 ( ’ F  ‘144,34/ I 51)1 1,
151) 1 9 ).‘ ‘II ‘ 45 I / S F  6 1244/’  10 7(0  5 1  LIII /111 3401 1 ) 1 1 .1

1505 9 l2’ l l ’’)’ , 1 . 4) ’  6 I. ’ - ! ) ’  10 2(0 1 )  (5 1.5 .413 00,’ 1 ( 5 3 1
15 13 9 t i l l  ‘‘II. 11 Id  10 I. ’ .’ , 15. 24/0 4 / 1  I l.l ’ Y  /154 0 0 1  ‘Ill I
1 1 - 1  / *0  1 ‘ I I  Z ’/1, I/Il’ 20 1 2 ) 4 / ’  2 1. .1(0 I I l I l y  /1 )) (10, kIlL)
II. .’” 10 1. ’’ ,)- / 4 / 5  1 7 5 - 4 ’  35) 804/’ .‘O 250 1)1 34’ ’ )  /
1 1 . 9  9 1 4 / 0 4 / 4 5 ,  1~ ’01 - 70, 74/ P 2~ .5.0 II I ,’,’ .) /

1 5 . 4 4  9 9 / 4 / / 4 5  9/ ) ’  20 754/’ 70 ‘1 (1 I 1 4/ LI lY /
14/ 37  9 9/ 1/ 4 5  97 ) ’  20 153-  7)’ 71.0 I i  Cl 14 /411  ~~‘I R(IL &
I’ll II) ‘9 / 4 / 1 , 1 ,  S’/I” 7~) /5. ) ’  20 1I15O F )  C l O Y  / 3 4 ) 0 0 1  4 / I ’ l l
1 5 , - IS 9 9/4 41, 9/4/’ 4 75, 4 ’ 6 300 F T  4/ L I lY /
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TABLE X~ l(c)
LL1ME iiE~ I ‘0 N ti E 1(1k hE ‘,UL lb FUF~ M1LISHIE VE k  I [( Al }4LNI’IN(, S (  hE 5

W I  IN k.J E- :k Es F- L~~L)1NG kAL4 1:110.1 r [zA ’ r IoN F:ES(JL , IS A l  I,IAV IIISIIN 1,.(thiJRAILJRY
54/A LA NL ’ Ml LEA N 1 1 9 7 3 — 1 9 7 4  W 1 8 1 1 K  SI.ASIJ 41 V OYAGE 35 E:AS 1

4 - ’ INk 53 4 / S I ) !  1 ; - - — —  - - - S : — — — — 1 ’ .L .  DIG! F I Z A T I O N — — — ’ $ - ’ — — C)JL )JMN SAl 1 0 5 — — ,
* NI) . NO. 110* EMS M~~X 151*  1361405 01 2 . 1 4 3 4  EEL *

[‘ .L .  * w.’I ’.’( 14.1 P— ID - I  F’ - l O - r  111(1,1 S EECOSI-IS O (SAl- Il- IF-’ 114/AN * (1 )  (6 )  (6)
SUN SINOLI C EIS 11001 5154 /85  5114185 S ) ) , ) o ’ ,$ EX 1RI IIES 14115) S 114’ES S* / / /
NO. * C Y C L E S  BURSIS 4 / 4 / 5 1  SF’S! 54 1-! $ SF’SL SF-S I 5 5 4 / S I  * ( 4 )  (3+5)  ( 3 )

* I l )  1 2)  ( 3)  ( 4 )  (5 1  * 1”) ( 7 )  ( 8)  *
* * $

14 . 1 ,  * 170 0 3.19  1 . 3 7  0.00 * 4 . 6 0  1 . 4 7  0 .21  * 1. 0 7  1 . 4 5  1 .45
1409 * 84 9 4 . 7~ 2 , 6 3  0.86 * 7 .09 2 . 97  — o . : ’ o  * 1 . 1 3  1.20  1 .5 1
1 4 1 3  * 99 4 6 .9 9  7 . 1 2  0 . 79  * 1 4 . 0 6  .4.44 — 0 . 1 9  * 1.6.4 1.04 1.15
1 4 1 7  * 176 10 6.111, 2 ./ 7  1 . 14 ,  * 8 .4 5  4 . 1 7  0 . 2 2  * 1 .51  1 .04 .  1.23
1 4 2 1  * 1 . 4 /  3 3. ‘ 4  ~~ 83 0 .9 / * 7 .60  3 .2 /  — 0 . I~ ’ * 1 . 7 9  1 . 6 1  11.03
144 / 7 * 9/ Il 7.92 3..’4 0 . ’ 9 ’ 9  * 1 1 .0 6  4 . 0 4  — 0 . 0 3  * 1.25 1 .24 1.40
14.43 S JO ”  4 9 . 4 / 1  3.~ - ?  0. 80 * 10.3 )3  4 . .’ ’ — 0 . 0 9  * 1. 41 1.01 1.09
1 4 1 ’  * I ’ S  26 7 .19  3 .4 . 5  1 . 7 0  * 10 .5/  4.~~~ —0.44/ * 1 .215 1.19 1.47
j 4 * ’  * 1 1 4  23 10.19 4.58 2.00 * 1 6 , 4 4  6 . 0 3  — 0 . 2 0  * 1.3 7  1 . 3 4  1,61)
14 4 5  * 7 1 .5,’ 1 7 . / 4  5 . 4 1 4  1 . 2 . 4 * 18. 20 7 , 4 6  0 . 1 9  * 1 . 3 6  0 .96  1 . 0 3
1449 * 63 73 13 . 6 2  5 . 4 9  1 . 1 4  * 1 4 . 7 4 /  6 . / S .  — 0 . 1 1  * 1. 73 0 .96  1.05
3 5 0 1  * 62 9 1 1 . 5 1  4 . 73 1 . 72 * 1 8 . 1 2  6 . 7 2  — 0.01 ,  * 1 .4 2  1 . 4 2  1 .57
15 - ’ 5  * 74 31 1 5 . 1 5  5 .00  1 . 3 4  * 1 7 . 3 /  6 .65  0 . 4 4  * 1 . 3 3  1.05 1 .1 5
11,13 * 551 44 13 . 1 1  6 .5 . .’ 1 . 6 3  * 1 7 . 9 2  7 . 9 0  0 . 7 3  * 1 . 2 1  1 . 2 2  1 . 3 7
151 7 * 59 42 18 .22  6. 7,3 .5 .21  * 20.04 8.47 0.97 * 1.25 0.98 1.10
i5..’S * 6/ 18 1 4 .8 3  6 . / 4  1 .36  * 17 .94  7. ’ ’  0 ,98  * 1.09 1 . 1 0  1.20
14 /79  * ‘/6 17 12 .13 5 2 / 4  1 .10 * 13 .04 /  5, 19 1 .4 6  * 1 . 01  0.99 1.08
15.4 3 * 82 76 10.52 5 .62  1.14 * 1 1 . 6 1  5 . 29  1 .2 3  * 0 .94  1.00 1.10
14 / 3/  * 58 33 15.26  7 .0 14 1 . 4 1  * 17.25 7 . 4 6  0.84 * 1.05 1 . 0 4  1 . 1 3
14/41 I 61 33 1 1 . 4 2  5 .91  1..4 5 * 11 .00  5 .81  0.70 * 1.00 0.86 0 .96
1545 * 44 23 7 .7 6  ~~. 37 1 . 39  * 9. 1 ) 14 4 . 8 5  — 0 . 3 0  S 1 . 1 1  1.00 1 . 2/

TABLE xII (d)
S(.J(1MA RY (ii- RAW LIIG1 Ii 7~-tT I(JN RE , S( JL rs FUR RANc~k R’I’lNI., F

P1’! CH , LiE’Cl~ HOUSE ACC EL..E ’ F~A- rIONb , AN N T U C k E R  ME: IER’
‘ 

~EA I API!) NC 116)1 1 1973— 19 74  WINTER SEASON I VDYAO E 35 401 , 1

..-- -  561,053 - - -  -‘ ,- - -  ROI L —— -- ‘ : — — —  II I C 4 / I  — - — ~~- 3- - ‘(. 111 ACCEL-”.—-LAT A CIFL -- ;c— - TUCSER —- ,‘
11 .1, 4.0 R)’CORI-’F I’ 4 . 0  RFC UR1IEL ~ 4 . 0  RE COSLI E(4 4 .0  RFC IJ EI ’ LL l  4 . 0  RECO RI ’ F 1’ 4 . 0  REr0kt4/ [ ,

13 1)14 (14415 ) F:xl53’EME S NI’lS’ EX T R E M E S  (53)19 )  £xTS’EMtIII (55148) EXIR E M4/S (EMS) EX 1RI- IlES (EMS) EX 1REIIIS
14)3 . F I F t  4 / 1  [‘10 [ ‘ 134, [‘IC, 04/6 01 (1 [‘II) 16 )  (0)  (0 )  (6 1  (6 )  (6 )  4 / 1  11 11

[405, 15. 1 4 .  — 1 4 .  5 . 6 5- . — 4 .  0 .6  —0. 5 3 — 1 . 7  0 . 1 1  0 . 1  — 0 . 1  0 . 1 4  0 . 1  — 0 . 1  2. 2. 1.
1409 :4. 4 / I .  — 1 8. 1 1 .5  13. -9.  0 .14  0 .2  — 1 . 1  0 . 1 5  0 . 1  — 0 . 1  0 . 3o  0 .7  — 0 . 3  3. 4 .  3.
1 41.1 75 . 2.’. 1’.). 1 2 . 4  I l .  — 10. 0 .7  0 . 1  — 1 . 1  0 .12  0 . 1  — 0 . 1  0 . 2 6  0 . 3  — 0 . 2  3. 4 .  — 3 .
1 4 1 . ’ .14. 21. — : 1 .  1 3 4 . 0  12’ . — 5 .  1. 0 0 .5  — 1 . 3  0 .22  0 . 2  — 0 . 7  0 . . ’ ! 0 . 2  — 0 . . ’ 3. 3. -7 .
14 . 1  :‘:. .‘o.  - .‘,‘. 7. 2 II. — 6 .  0 . 9  0 . 4  — 1 . 5  0 .16  0 .2  — 0 . 7  0 . 1 6  0 .2  — 0 . 2  .1. 2. - 2 .
14 .”! 33 .  30. — .10. 14. 5 12 . — 1 3 .  1.0 0 . 4  — 1 . 4 /  0 . 2 3  0 .2  — 0 . 2  0. .4 3  0 . 3  — 0 . 2  5.  5. — 4 .
143.4  36 .  30. - 4 / 8 .  1 7 . 9  13. - 12 .  1 . 1  0 . 4  — 1 . 8  0 . 2 5  0 . 2  - 0 .7  0 . 4 0  0 . 3  — 0 . 3  9. 8. -6.
143’  34.  29. — 3 / .  1 3 . 4  1 3. — 1 0 .  1 .5  1 .0  — 2 . 2  0 . 34 /  0 . 3  — 0 . 3  0 . 3 1  0 . 3  — 0 . 3  8. 7. — 6 .
1 4 4 ’ 4 4 / .  39. -‘40. 73 .8  23.  — 1 4 .  2 . 1  1 .6  — 2 . 3  0 . 4 4  0 . 4  -0 .3  0 . 4 9  0 . 4  — 0 . 5  I? .  9. 8.
14 4 : ,  413 , 35, -ii. 2 8 . 2  30. — 2 4 .  1 . ?  1.0 -7 . 2  0 .35  0 . 3  - 0 .3  0 , 4 / 9  0 .6 — 0 . 6  17 .  15. -9.
14- 1 1 4 2 .  35. — 33. 28 .1  7 4 / .  —1 4 .  1 . 6  0 .9  — 2 . 1  0. 13 0 . 3  ‘- 0 . 4 /  0 .6 1  0 . 4  — 0 . 4 /  13.  10. — 8 .
1 4 / 0 1  42 .  5 , 3 4 .  — 29. 7 3 .4  19.  — 1 6 .  1 . 3  0 .9  — 1 . 6  0 . 3 0  0 . , ) — 0 . ’) 0 . 5 , 1 5  0 . 4  — 0 . 4  1 4 .  14 .  — I I .
15 - 01 - 41. 36. — 3 1 .  ;‘ I , . l  3 3 , ,  — 18, 1 . 4 /  1 .0  — 1 . 9  0. i ’ , 0 . 4  - 0 . 3  0 .4 . 5  0 .5 — 0 . 5  16.  [ 4 .  - 1 0 .

4 / 1 . 1  42 .  32. — 3 3 .  . 53 . 9  31) . - 1 4 .  1 .6  1 . 4  - 1 . /  0 . 3 1  0 . 3  — 0 . 3  0 . 3 . 1 5  0 . 4  - 0 .5  18. 16. ‘ 10.
151/  43 .  3 / .  —36 .  31 .6  27. — 1? .  1 . 4  1.0 — 1 . 5  0 . 31  0 . 3  — 0 . 3  0 .67  0 .1  — 0 . 4 /  16 .  12. - 11 .
14/75 4 4 .  4 4 .  — 4 4 .  29 . 6  24. — 18. 1.0 0 . 4  — 1 . . l  0 .26  0 . 3  — 0 . 2  0 .66 0 .5  — 0 . 4  1 4 .  16. — 8 .
14/29 42.  34 .  — 32 .  22 .0  22. — 1~~. 0 . 9  0 . 4  - 1 .7  0.23. 0 . 3  — 0 . 2 ’  0 .50  0 . 4  — 0 . 4  9. 7 .  - 7 .
1533 37 . 32.  — 4 2 .  1 9 . 1  20. — 1 0 .  0 .9  0 .3  — 1 . 3  0 .26  0 . 2  — 0 . ?  0 . 4 5  0 . 4  — 0 . 3  9. 8. — 7 .
j I . ) ’  40 .  36. — 30. 29 . 1  26. — 1 4 .  1 . 1  0,8  — 1 . 4 /  0.30 0 . 3  — 0 . 3  0 .68  0.5 — 0 . 5  12. 10. — 7 .
14 . 4 1  39. 39 . —28 . 3 4 . 0  29. — 1 4 .  1.0 0 . 4  — 1 . 3  0 .11 .’ 0 .2  - 0 . 2  0 . 7 2  0 .5  — 0 . 4 /  13. 13. — 7 .
1545 28. 20. -23.  23.1 20. — 3 2 .  o.e 0 .3  - 1 . 3  0 . 1 1  0. .1 -0 .1  0.50 0 . 4  — 0 . 3  9. 11.  — 5 .
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TABLE Xl l l (a)

SUMMARY O F T  MR LOG—BOOK I:IATA CORRE’SPONL’ING ’F o
INTERVALS SELEC ’rErI FOR WAVE: MET ER DA TA REDUCT I ON

- 
SEA LAND (IC LEAN : 1973-19?4 WINT IR SEASON I VOYAGE 35 WE ST

D.L . ThE INS ToE
RUN TAPE IN [’X IN IV TIME SPEED F’ROF’ DRAFT SEA/A IR
NO. ND. NO. NO. [‘ATE (6)11) LATITUDE LONGITUDE COURSE SF. RIM UT. TEMP

1617 169 5 17 02 -20-74 2400 50-23 N 01— 16 U 263 31.6 129.0 30,42 51/50
1621 169 6 21 02-21-74 0400 530-23 N 01-13. U 263 31.8 130.0 30.37 51/50
1625 169 7 25 02-21-74 0800 50-23 N 01—16 U 263 31.9 130.0 30.36 51/4/1
1629 169 8 29 02—21-74 1200 47—1 9 N 1 9-35 U 261 32.0 131.0 30.32 51/50
1633 169 9 33 02-21— 74 1600 47— 19 N 19-35 U 261 31 .4 128.3 30.20 57/5.0
1641 169 11 41 02—21— 74 2400 47—19 N 19-31, W 261 31.9 130.5 30.40 52/4/
1645 169 12 45 02—22— 74 0400 47— 19 14 1 9-35. U 261 12.0 131.0 30.35 51/48
1649 169 1,3 49 02-22—74 0800 47— 19 N 19—35 44 261 32.0 131 .0 30.12 53/50
1653 169 14 53 02- 27-74 1200 45— 12 N 38-08 U 259 31.8 130.0 29.83 53/4.3

1/05 171 16 5 02—22—74 1700 45— 17 N 38—08 W 24/9 31.3 128.0 29.65 57/48
1710 171 17 10 02-22—74 20(10 45—12 N 38—08 U 2539 31.3 12)3.0 29.80 57/37
1713 171 18 13 02-22—74 2400 45-12 N 39—08 U 235 25.3 106.0 79.99 40/34
1717 171 19 17 02- 73-74 0400 45-12 14 30-013 U 260 20.2 06.0 30.12 36/34
1 721 171 20 21 02—23—74 0)300 45-17 N 38—0 11 U 261 31.8 130.0 30.20 31/33
1 /24/ 171 21 25 02—23—74 1200 42-3;’ N 52— 49 44 261 32.1 13 1.4 29.97 45/45
1729 171 22 29 02-2:4-74 1600 42—32 N 52-49 44 259 32.0 131.0 29.55 52/46
1743 171 75 43 02—24—74 0400 42— 32 N 52—49 U 259 10.0 60.0 29.67 34/44
1747 171 26 47 02-24-74 0~ 00 42-32 44 52—49 U 6.0 42.0 29.81 38/45
1 749 171 27 49 02—24—74 1200 40-35 14 60-49 14 275 30.0 30.02 55/45
1 756 171 28 56 02-24-74 1600 40-35 N 60-49 14 250 10.0 62.0 30.09 4/0/46
1801 1/3 29 1 02-24-14 1900 40-34/ N 60-49 U 270 10.0 64.0 30.20 50/41
1809 173 31 9 07-24—74 2:400 40-3S~ N 60-49 U 268 32.0 131.0 30.20 60/40
1813 173 .42 13 02-2 5-74 0100 40-35, II 60-49 U 268 32.1 131.5 30.10 52/39
1817 173 33 17 02—25-74 0300 40-35 14 60--49 U 269 32.3 131.8 29.96 40/38

TABLE XI 11 (b)

SU MM A R (if- ‘ 1(1k LIi(.—B01 1 1’- IIA1 A Ct lkkf-.S}--’ON [’iNG TO

INTE RVA L.. S SELEL I El ” f- OR WAVF I (1k II k I.IA1 A RI- !.‘tJI. ’i J ON

SEA 16141’ 51 1 13AM 1 1 9 / 3 - 1 9 /4  4 4 1 1 4 1 1 1 4  54/6140W I VOYAGE 35 W E ST

11.4/ . ‘.1311 W( NI’ ’
~ 4 / F L  W AVE 81,4/ ‘ - ‘ W I l L — >

RUN 516 1 1 f 1 / S I l E [  WOOl, III. SW ILl III 1114 1,114
NO . STATE /(551) [‘18 F T .  L IAR Fl. F T .  VIS U Al, U FAIP- IER /1)114 1 06- BOOk CONNENI S

1617 1 75/ 7 /5 1 /5 3 210 I LI Ill /
1621 3 7 S/ I 0  7S 1 /S 3 250 I I LI 1.1 /
1624/ -4 3RI-~’1u 3 1 4  I 4144 3 74/0 0(1651 /

1624’ 5 ,1,~4 1.0 .4 64  2 4 8 )  4 700 5 1 (IF-iT /
1633 5 47F’ / 20 34 .P 3 .5~~ 4/ ISO Dl A S )  /
1641 2 995/ 5, 995 3 4’S 4/ I ’ ,34 UI’.,- I /
16 453 2 1,’!) / 53 17 )1 ’ 3 95 1, 1’ .C F - I  I I I’’ /
164$ 5 103F’/20 1031 3 33.1’ 4/ 1 4/0 F T  LI I T  /
165.4 7 791/30 794/’ 6 is’S 8 1’.” 0(1651 /
1 705- 9 335/45 3.55 5, ‘s’l 8 14/0 0(1*81 /
11)0 8 225/40 7._ s 5 24 / s  H ISO 01.651 / 1 3 1 3 1 1 1 5 1 4  10 6111)3 RF-C0S1IIN6
1/13 8 34/5/40 34/5 6 355 8 15,0 01681 /
1717 4/ 44’.,..’Q’ ‘Y~~S 4 ‘s 3. 7uQ I I I I  I ,) /
1721 2’ 33.4/’! 5 ,4~,f .‘ ~~~ 4 .00 4 I (I LI! /
1/ 4/5 4/ A l l/ l U  811’ 2 811 4 7’ ’’ 4’) [1 I V  /

1 7 . ”,’ 7 ‘ . , ‘,r / 4o 4/ 15’  4/ 1 1 1 4  / I ‘0 (31.68 1 I
17 43 9 I?’ . ““‘I 12’S 24/ 0 ~~ ‘. 4” ’  Ill AT. I / 14- VS 10 30 1.1 #4

17 47 10 0 /1.0 0 30 ‘ 755 1 - ’  4 , - , ,  I I I I  LIV ‘I-Ilyf II) 3)’ kIM
1749  10 1.4.3/ 0 58 .  .4.1, 41 ,’; 4’~ 4’.: 1-1 U $‘( /
1 /4/6 10 .5”. /5(1 71’’ 15 705, 5 4/ l I ) p - I  (‘ I I T  /
IHul 9 11 ,/ 4 1 ’  11S 15 0 15 2”o - 1  (.1 I’Y /
1809 2 348/ 5 2S 6 25 e. .4 04) U) 6’ 1 /
1813 4/ 1 75)5/20 1784/’ 4 1781’ 4 3~ ’ O 1 1 1 . 6’ . ’ 1
1 817 7 1 7953/30 l79P 3 I. ”.! 3 4”O 04/AS S /
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TABLE XlIl (c)
COMF’A RISON OF TMR RESULTS FOR MIDSHIP VERT]’CA [,, BENDING STRESS

W IT H CORRESF’ONLIING RAW t ’ IGIT IZA’T’ I O N  RESuLTS AT DAVII:ISON LABo RATORY
SEA LAND MC LEAN 1 1913—1974 WINTER SEASON 1 V OYAGE 35 WEST

A ’ 1)18 RESULTS : : ‘A< -—- - U.L .  DI6 IT I7AT ION--- ’~*<--C0 L UMN RAT IOS- - >
I NO. NO. MAX 134/is F-SAX 151$ RAN GE OF 2.5)35 EEL *

D.L. * UAV E [ST P— TO—I P—10—T MI)[IE A RECORI’ED (SAMF ’LE MEAN * (7) (6) (6)
RUN *INL )UCE [) IIODE 51551356 STRESS STRESSA EX 1EEMES EMS) S1’RESS* / / /
NO. * CYCl ES F-IURSTS 55 I-’SI 134/SI 13151 A KF’SI SI-SI 554/ SI * (4) (3+5) (3)

* (1) (2) (3) (4) (5) * (6) (7) (81 *

* A *
1617 I 171 8 7 .61  3.50 1.10 * 7.05 3.16 — 1 . 3 2  * 0 . 9 1  0 .81 0.93
1621 * 179 1 6.39 2.86 0.70 A 6.54 2.76 — 1 .29 * 0.96 0.92 1.02
1/,25 * 173 0 4.44 2.22 0.00 * 5.29 2.20 —1 .26 A 0.99 1.19 1.19
162’? * 177 23 7.14 2.97 1.19 * 8.08 3.14 —1.4 1 * 1,05 0.97 1.13
163.4 * 183 37 8.16 3.56 2.00 * 9.71 3,55 — 1.2 4/ * 1.00 0.96 1.19
1641 * 189 25 11.25 4.01 2.10 * 11.83 3.71 —1 .38 * 0.93 0.89 1.05
1643 * 199 8 7.27 3.24 1.539 A 8.35 3.22 — 1 .36 * 0.99 0.94 1.1 4 /
1649 6 194 13 4.46 2.16 1.16 * 5.09 2.14 —1.49 * 0.99 0.91 1.14
1653 $ 190 37 5.59 2.50 3.39 A 8.17 2.83 —1.52 A 1 .13 0.91 1.46
1704/ A 166 59 12 .51 5.21 4.53 * 15.74 5.47 —1.20 * 1.05 0.92 1 .~~6
1710 * 164/ 71 7.72 4.00 4.21 I 10.55 4.17 —1.10 * 1.04 0.88 1.37
171.4 * 160 69 15.99 6.3.1 4.11 * 16.68 6.71 —0.24/ * 1.01 0.83 1.04
171/ * 147 45 13.06 5.61 3.18 A 14.56 5.72 0.01 A 1.02 0.90 1 .12
172 1  * 189 52 16.48 5.10 9.33 * 24.03 5.07 —1.23 S 0.99 0.93 1.46
1/2 4/ * 210 2 5.00 2.40 0.93 * 6.33 2.3.4 —1 , 49 * 1.10 1.07 1.27
1 729 * 199 34 3.23 1 .32 1.71 A 4.17 1.64 —1.64 * 1.24 0.84 1.29
174 4 * 113 71 23.26 11 .01 3.29 * 23.56 10.38 0.52 I 0.94 0.89 1.01
1/ 4/ * 107 42 27.76 10.07 2.95 * 26.12 9.38 0.68 * 0.93 0.84/ 0.94
1749 * 107 37 18.64 9.00 2.32 * 17.67 8.35 0.59 * 0.93 v.84 0.95
1756 A 147 73 20.10 8.19 5.13 A 21.62 7.95 0.37 * 0.97 0.86 1.08
11)01 * 133 22 18.78 7.98 3.90 A 18./3 7.0~ 0.53 * 0.89 0.83 1.00
180’? * 200 25 7.94 3.82 7.15 I 9.77 4.23 —0.93 * 1.11 0.65 1,23
1813 * 221 0 4.21 2.02 0.00 * 6.13 2.57 — 1 .22 * 1.27 1.46 1.46
1817 * 184 0 3.30 1.33 0.00 * 4.07 1.49 -1.20 $ 1.12 1.23 1.23

TABLE X lII (d)

SUMMA RY OF’ RAW DIG IT IZATION RESUL TS FOR RAI:’AR RANGE
ROLL, I- I ‘l ’CH, DECK H O U S E  ACCELERA TIONS , A N D  T U C K E R  ME I F R

SEA L AND MC LEAN I 1973-1974 W INTER SEASON : VOYAGE 35 W ESI

- RALiA R — — - ,>‘,— — - ROLL — — - — > < — — —  PITCH — — — > < — — V E R T  A C C E L — > < — — L A T  A CCE L - — > < —— TUCEER ——>
[I .! • 4 . 0  RECOR[ ’ EG 4 .0  RECORDED 4 .0  RECORr ’cIi 4 .0  EECOR[’ ( D 4 . 0  FIECORL ’EL’ 4 . 0  RECORLIEL)

RUN (EMS ) 151551(1135 (RM S) EXTREMES (RMS ) EXTREME S (RMS) EX TREN ES (RMS) FXTREME S (EMS ) EXTREMES
4/4 0. FT 11 FT [‘10 DIG 818 8115 LIEU t’EU (6) (6) (6) (0) (0) (6) FT FT FT

1617 27. 22. -20. 3 .1  2. — 3 .  1.5 0.8 — 2 .0  0 .33  0 .3  -0 .3  0.09 0 . 1  — 0 . 1  3. 3. —3.
1621 23. 21.  — 1 9 .  3.0 2. —3.  1 .3 0 .5  — 1 . 8  0 .28 0 . 2  -0 .2  0.09 0 .1  -0 .1  3. 3. -2.
1625 £8 .  17 . — 1 5 .  2 .7  2. —2.  1.0 0 . 2  — 1 . 5  0 .22 0 .2  — 0 . 2  0.08 0 . 1  — 0 . 1  2. 2. -2.
16:9 25. 21. —20. 2.4 2. —2. 1.4 0.8 —1 .8 0.29 0.2 —0.3 0.07 0.1 —0.1 3. 2. -3 .
1633 26. 23. —24. 2.2 3. — 1. 1.4 0.6 — 1 .8 0.30 0.2 —0.2 0.07 0.1 —0.1 3. 2. —2.
1641 26. 24.  —40 .  2 .5 1. —3.  1 .4  1.0 — 2 . 2  0.30 0 .4  — 0 . 3  0 .07  0 .1  - 0.1  2. 2. -2.
1645 24.  18. —18 .  3 . 2  1. — 4 .  1 .3  0.5 — 1 . 9  0 .27  0 .2  — 0 . 2  0 .09 0 .1  — 0 . 1  3. 2. — 2 .
1649 17. 15. — 1 3 .  3 .0  3. — 2 .  0 , 9  0.3 — 1 . 4  0 .20 0 .2  — 0 . 2  0.09 0.1 — 0 . 1  2 .  2. — 2 .
£ 6 53  I?. 16. —18 .  5 .7  7. — 3.  1.0 0 .3  — 1 . 3  0 .21  0 .2  — 0 . 2  0 .1 5  0 .2  — 0 . 1  3. 2. —2.
1705 41 .  30. — 4 4 .  11 .0  9. —9.  2 .2  1.7 -2 .3 0 .4 9  0 . 4  - 0 . 4  0.26 0 . 2  — 0 .2  6. 5. -5.
£ 7 1 0  34 .  31.  — 4 2 .  5 .8  4. —6.  1.8 1 .1  — 2 . 0  0 .37  0 . 3  — 0 . 3  0 . 15  0 .2  — 0 . 1  4.  4 .  -3 .
171 3 50. 34 .  — 5 1 .  5 .0  2. —7.  2 .4  1 . 4 /  ~ 6 • 1  0.52 0 . 4  — 0 . 4  0 . 1 3  0 .1  — 0 . 1  5. 4 .  — 4 .
17 17 51. 34/ . — 49.  4 . 6  1. — 1 4 .  2 .0 1 .1  — 2 . 0  0 . 45  0 .3  — 0 . 3  0.13 0 .1  — 0 . 1  5. 4 .  — 4 .
1721 34 .  34.  — 4 6 .  3 . 3  2. -5. 1.9  2.0 - 2 . 4  0.39 0 .6  — 0 . 5  0 .10 0 . 1  -( 1 .1  3. 3. — 3 .
1725  16. 15. — 1 4 .  2.6  2. — 3 .  1.0 0.3 — 1 . 3  0 .19  0.2 — 0 . 2  0 .08  0 . 1  — 0 . 1  2 .  2. - 2 .
1/29 3 ) .  9. -11 .  3 . 1  5. -0. 0.8 0 .3  —0.9  0 .11 0 .1  -0 .1  0.09 0 . 1  - 0 . 1  2. 2 .  -2.

1743 53 2 .  39. — 42.  9 . 3  11. — 1 2 s  2 . 1  1.9 - 2 .1  0 . 4 5  0 . 3  — 0 . 4  0 .24  0 .2  -0 .3  7. 7. 7.
1 / 47  51.  39. — 4 3 .  10.3 8. —13 .  1 .6  1 .4  — 1 . 8  0 .36  0.3 — 0 . 3  0 .26  0 . 3  — 0 .3  8. 8. —0.
1749 49 .  35.  — 4 1 .  11 . 1  5. —12 .  1.6 1 .2  -1 .6  0.36 0.3 — 0 . 3  0 .27  0 . 2  — 0 . 2  9. 8. — 8 .
1 /4/6 55. 4 4 .  -49.  7 .0  4 ,  —8 . 2 .3  1 . 7  — 2 . 0  0 . 49  0 . 4  — 0 . 4  0 .18 0.2 -0.2 6. 3. -6.
1801 53. 36. —31 .  5. 5 2. —6.  1.9 1.3 - 1 . 8  0 .4 3  0 .4  — 0 . 3  0 . 1 4  0 . 1  -0.2 5. 4 .  - 4 .
1009 28. 23. -25. 3 .2  3. —7.  1 .7  0 .8 -2.0 0.38 0.~ -0.3 0 . 14  0 . 1  -0 .1  3. 3. -3.
1813 16. 15. — 1 3 .  14.0 1. —6.  0 .9 0 . 2  — 1 . 4  0 . 1 7  0 .1  -0 .1  0.10 0 . 1  -0 . 1  2. 1. - 2 .
1817 12. I l. —12.  3 .6 2. — 4 .  0 .8 0.2 — 1 . 3  0.16 0 .1  — 0 . 1  0 .10  0 .1  — 0 . 1  2. 1. — 1 .
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TABLE XIV(a)

SUMMARY OF’ TMI-< LOG—BOOK DATA CORRESPONDING TO
INTERV A LS SELECTE D FOR WAVE METER DATA REDUCTION

SEA LAND MC LEAN I F-~~73-j974 WINTER SEASON 1 VOYAGE 36 EAST

D.L. THE TMR THE
RUN ‘TAPE INEIX IN IY TIME SPIED PROF LIRAF I SEA/AIR

NO. NO. NO. NO. (‘ATE (6)11) LAFIT U IiE LONC.11 U 1 ’E COURSE ST . RPM FT . TEMP

1925 175 7 25 02-28-74 2000 41—36 N 4/8-10 U 079 32.3 131.0 30.31 47/37

1929 1/5 8 29 02—28—74 2400 41—36 N 58—10 8 078 32.1 130.0 30 .30 43/35
1933 175 9 33 03 -0 1—7 4 0400 41—36 N 58— 10 8 078 32.4 131.3 30.30 42/34

1937 175 10 3/ 03-01-74  0800 41— 36 N 58-10 8 078 31.9 129.5 30.26 37/35

1941 175 31 41 03—01-/4 1200 41-36 N 4/8-10 U 078 32.1 130.0 30.24 60/36

1945 175 12 45 03—01-74 1600 44— 04/ N 42-20 U 078 32.2 130.6 30.27 57/46

1949 175 13 49 03-01—74 2000 44-05 N 42—20 8 078 32.3 130.8 30.25 58/47
1933 175 14 53 03— 01—74 2400 44—OS N 42—20 U 077 32.3 131.0 30.29 4/7/48

1957 14/S 15 5/ 03—02—74 0400 44—05 N 42—20 8 077 32.4 131.3 30,34 53/48

1961 175 16 61 03—02-74 0800 44— 053 N 42—20 U 077 32.2 130.5 30.3 3 54/47

2001 177 1/ 1 03—02-74 1200 44—OS N 42—20 U 077 32.1 130.0 30..14 52/48
2005 177 18 5 03-02—74 1600 46—36 N 25-47 U 078 32.4 131 .3 30.40 52/50

2010 177 19 10 03—02-7 4 2000 46—36 N 25-47 U 077 32.4 131.2 30.36 52/So
2013 177 20 13 03—02— 74 2400 46—3 6 N 25—47 U 078 32.2 131.0 30.39 51/48
2017 177 21 17 03—03—74 0400 46-36 N 25-47 8 078 32.5 131.6 30.38 51/40
2021 177 22 21 03—03-74 0800 46-36 N 25—47 8 077 32.4 131.4 30.33 51/47

TABLE x iv(b)

5UhMAR~ OF MR Loll-—BOOK LIA’ I A CORRES POND iNG TO
INII.R’VALS S E l E C T E D  F~OR WAVE M E T E R  LIA 1A RFI IULTI1 )N

SEA LAN D  MC LEAN I 19,j—a 974 WINIER SEASON I VOYAG E 36 EAST

F-h i. • ‘.5511 WIND> EEL WAVE RIL <-SWILL— )
R)IN SEA DII ‘51 1131’ WAV E NT. SWILL N I IF-N Ul l)
NI). STATE / ‘kl) 1.15 FT. DIR 4 / 1 .  I I .  VISUA L W EATH ER /TM R LOG-BOOk COMMENTS

19 .5  4 561/12 564/’ 2 5~’I 3 14/0 F T  CL DY /
1929 3 561/ 12 564/’ 2 55) - 3 14/0 11 CLIII /
1 9)3 4 33 1/I? 331 3 ‘VII 3 (50 1) CL DY /
19.17 5 55 , 4/ 1 5  54 / ) ’  3 54/1 3 150 P1 CI . (‘1 /
1941 5 .1)1- /iS -~~)4/’ 3 334/ 3 150 F-I CLI’Y I
19-IS 5 331/20  3 5 )  3 33P 3 250 11 LI Ll Y /
19-19 4 551-/IS 55P 3 334/’ 3 24/0 F T  CI III /
1953 2 541/10 324/’ 2 321’ 4 300 CL III /
1917 2 541/ 5 .1.4/’ 2 324/’ 4 300 OCAST I
19.4 1 2 / 5 2 6 500 C I I I  /LONG CONI’UGEI’ SWELL
2O.)1 7 / 5 2 6 500 11 CLIII /
2005 2 /8P/ 5 781 2 1234/ ’ 6 500 PT CLIII /
2010 4 991/10 991 2 1241 6 300 CLII I I
2013 3 /81/10 /81’ 4 124 1 6 300 CLIII I
2017 4 781/10 7SF’ 4 1 241 6 125 CI.LJY /
2071 4 4/41/15 541 5 1241 6 125 17 CLII /
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TABLE XIV(c)

COMPA RISON OF TMR’ RESULTS FOR MILISHIF:. VERTICAL BE,NL’IN (3 S T R E S S
w i i H CORRESPONI.IING RAW IIIGITIZAT ION R E S U L T S  AT D A V I D S O N  L A B O R A T O R Y

SEA LANI’ MC LEAN 1 197 3 -1974  W i N I E R  SLAS U1I 1 VOYALI E 3-~ F A R )

* - - IMR RESULTS ‘* - — - - — — L’ .L • 111611 IZA TI IJ N—— -s*~~— --~flO1 INN F~’A T I ’lS——

* NO. NO. MA X EMS MAX IST * RANI,E OF 7 .8 ( 1  EEL *
0.1. * WAVE 151 P—TO- I F-TO— I NOPE * RI-CURrIED (SAMPL E MEAN * (7) (6) (6)
RUN *INL’UCLD 4/101113 SJRISS S I R E b S  ST R L S S *  13514/3 .11135 ENS ) 5 1551351 ,5 / / I
NO. * CYL(.ES BURSTS 554/S I SF -S I KF’SI * 134/SI 5515 1 54/ SI * (4) (3)5) (3)

* ( 1)  (2) (3) (4) (3) * (6) (7) (8) *
* * A

1925 I 197 0 2 . 2 4  0 .88 0.00 * 2 .85  3 . 1 2  0 .39 A 1 .26  1.27 1 .27
[929 * 187 0 2 .29  0 . 9 4  0 .00  * 3.05 1 . 1 7  0 . 1 9  * 1 .2 4 /  1.33 1 . 3 3
193.1 I 20/ 2 2.48 1.04 0.72 * 3.42 1.23 0.31 * 1.18 1.07 1.18
1 937 * 197 50 3.46 1.74 2.15 * 5.64 2.10 0.23 * 1.21 1.01 1.ô ’
1941 * 1(11 13 4.52 2.03 0.79 * 6.71 2.44 0.28 * 1.20 1.17 1.37
1945 * 149 6 3 . 4 9  1 .50  3 . 4 0  * 22 .9 5 ** 2 . 2 1  0 .4 / 0  * 1 . 4 7  3 . 3 3  6 .58
1949 * 136 1 ‘ . Só 1.313 0.56  S 4.24 1.79 0.51 * 1.30 1.36 1.66
1953 * 121 0 3.29 1.45 0.00 * 4.44 1.80 0.44 * 1.24 [.35 1.35
1957 * £24 0 3.6 1 1.73 5.00 * 5.27 2.15 0.48 * 1.24 1.46 1.46
1761 A 113 7 4 .08  2.00 0 .83 * 5. 134 2 . 4 3  0.60 * 1 .21  1.19 1 . 4 3
2001 * 95 2 3 .78  1.89 0.~~3 * 5 3 . 7 6  2 . 3 3  — 0 . 1 4  * 1 .24  1 .33  1.52
2005 * 102 7 6 .19  7 . 3?  0 .92  * 5 .93  2 .64  — 0 . 2 4  A 1 . 1 1  0.83 0.96
2010 * 91 1 4.39 2 .22  0.65 * 6.71 2.84 —0.78 S 1.28 1.23 1 .42
2013 * 82 11 4.72 2.20 1.00 * 7 .4 9  2 .74 —0.58  * 1 .25 1 .31  l .59
2017 * 90 10 4.80 2 .08 0.77 * 5.82 2.60 -0.71 * 1.25 1.05 • .21
2021 A 76 19 5.69 ~ .22 1.19 * 6.05 2.52 —0.61 * (.13 0.88 1.06

4* I4sgn .tlc I.p. Saturation , probabl y extranbous

TABLE x lv(d)
SUMMARY (Jr RAW Lii GIT1ZA LION RE:sul,Ts FUR RAIIA R RAN IW

ROLL. , F’I TCH, DECK HOUSE A CC ELERAT iONS ANn T U C K E R ME - U- ~‘

SEA LAm ’  MC LEAN I 1~~73- 19 ?4 W I N T E R  S EA S O N  VOYA LIF . 36 lA S)

c — — -  SA L’AI . —— - >  c — — —  ROLL — — — — < — — —  FT ICH — — — > ~~— — V F R 1  AC CEI — ‘ ‘. - — L A l  A l , , 1 — — > ’ . — —  T IICSLR — — ,
0 .1 . .  4 . 0  EL CORIE t ’  4 . 0  EECC RL ’ Ll ’  4 . 0  EECOEL ’ ED 4 . 0  RECURL IEL’ 4 . 0  EECORi ~FJ,I 4 0  RELOET’FII
RUN (EMS ) EXTREMES (till ’- .) E~~1I’IMES (1:8’,) IXTRENIS (EM S) E X FREM1 4/ (EM S) L x l k -I lI4/:s (51151 4 / 1 1 5 5 1 814/
NO. F T F !  IT  (‘El 111 0 [1113 P4/Il ~‘E(; LiEU (1,) (6) (6) (0) (13) (Ii ) Fl FT F T

197 4/ 10. 10. —8. 2.1 3. —1. 0.53 —0.~’ — 1 . 1  0.08 0.1 —0.1 0.06 0.1 —0 .1 1. 1. - 1.
197 ’ ~ 10. 8. — 1 0 .  2 . )  3. — I .  0 .5  — 0 . 3  — 1 . 1 0 .09 0 .1  — 0 . 1  0 .07  0 . 1  -0 . 1  1. 1. — 1 .
19 11 11 . 9. —10. 2.3 3. -I. 0.5 — 0.1 -1.0 0.09 0.1 —0.1 0.07 0.1 —0. ! 1. 1. —1.
1937 16. 13 .  -12. 3 . 4  5. — 1 .  0 .8  0 . 3  - 1 . 3  0 .18  0 .2  — 0 . 2  0 . 1 0  0 . 1  — 0 . 1  2. 2. -7 .
19 4 1  18 .  20. — 1 8 .  4 . 8  6. — 2 .  1 .0  0 . 6  - 1 . 6  0 .22  0 . . ’ -o . : ’  0 . 1 3  0 . !  — 0 . 1  2 .  2. — 2 .
1945 14.  1 4 .  -13 .  5 3 . 0  4 / .  — 4 .  0 .7 0 . 1  - 1 . 1  0 .15  0 . 1  — 0 . 1  0 . 1 3  0 . 1  — 0 . 1  2. 2 .  - 2 .
£ 9 4 9  1 4. 12 . - 17 .  5.5 5. —4. 0.8 0.7 -0.7 0.15 0.1 —0.1 0.14 0.1 —0. 1 2. 2. -2 .
1953 16. 1” . - 1 . ’ . 9 ,0  6. — 6 .  0 . 7  0 ./  — 0 . 6  0 , 1 3  0 . 1  -0 .1  0 . 21  0 . 1  - 0 .7  2. 3 .  - 2 .
195/ 18. 1-I . — 1 4 .  7 .6 9. -5. 0.9 3. 9 -0 .7  0.19 0.2 —0.2 0.19 0.2 -O ..~ 3. 3. -2.

1961 20. 19. - 1 5 .  7 . 4  9. — 7 .  1 .0  1 . 1  - 0 . 0 0 .20  0 .7  — 0 . 2  0 . 7 1  0 .7  — 0 . 2  3 .  3. - 3 .
201)1 19.  38 .  —I i. [0 .6  9. — 1.  0.7 0.7 -0.7 0.16 0.7 —0. 3 0.75 0.7 —0.2 3. .3. -2.
201’S 22. 19. — 17. 12.3 10. —10. 0.9 1.0 —0.9 0.20 0.2 -0.2 0.29 0.1 -0.2 4. 4. -3.
2010 21. 23. —21  • 19.0 16. —1 3. 0.8 0.-’ —0.8 0.17 0.7 —0 .1 0.43 0.3 —0.3 5. 7. —4.
2013 24. 23. -19. 37.5 14/. —1 2. 0.8 0.8 -0.8 0.14 0.1 —0 .3 0.38 0.3 -0.3 5. ‘1. -5.
2017 24/ .  20. -19. 1 6 . 1  II. -9. 0.8 0.9 - 0 .4 /  0 . 14  0 . 1  — 0 . 1  Q . . 4 /  0 .3 — 0 .3  5. 5. -3.
20:! 1 24 .  23. — [ 6 .  1 4,7 14. —9. 0.7 0.8 — 0.4 0.12 0,1 — 0.1 0.36 0.3 —0.3 5. 6. —3.
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to develop and imp l ement such corrections as were found necessary and
feasible , and to correlate and eva l uate the fina l results from the two
wave meters. In carrying out this work it was necessary to at least
partly reduce several other channels of recorded data , so that , as a
by-product , reduced results were also obtained for midshi p bending
stresses, rol l , pitch , and two components of acceleration on the ship ’s
brid ge.

As the work progressed it became evident that the volume of docu-
mentat i on required would grow beyond the usual dimensions of a sing le
technica l report. For this reason the analyses , the methods, the
detailed results , discussions , and conclusions are contained in a series
of ten related reports.

The present report is the f i r s t  in the series , and involves the
initial stages of the work. Specificall y, this report documents the
several decisions and methods thoug ht necessary in conversion of the
raw data from its original analog form to digital form, the sampling
and calibration of data from the second (1973—1974) season, and a
sumary of initial results .
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